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PREFACE. 



This Work has been printed for the use 

of the Students in the University. But as it 

may fall into the hands of some, not aware 

of this circumstance, who may expect many 

y things, which are not found in it, and may 

^ also meet with others, some of which may 

^ not appear proper, and some not sufficiently 

^illustrated, for an elementary treati^^, it is 

^ necessary to ^ve an explanation as to these. 

A complete treatise on astronomy should 

rx abound with examples: but in a treatise 

merely designed to teach the outlines of the 

science, and to point out what may incite 

further inquiry, they are not required. 

It is obvious that, in the necessarily re- 
stricted portion of time allotted to the sci- 
ence of Astronomy in the course of an tJni- 
versity Education, a multitude of examples 
would, to the mass of students, be useless. 
Therefore it would have been quite improper 
to have increased therewith the size of this ^ 

a 2 X^X"^ 



IV PREFACE. 

volume, which, at the desire of the College^ 
has been drawn up for their use. 

Indeed it may be said, that more matter 
has been introduced than was necessary, that 
it was unnecessary to introduce the subject of 
Astronomical Instruments. To this it is an- 
swered, that by introducing them as the Au- 
thor has done, he has endeavoured to benefit 
the student, and to assist himself. In his an- 
nual lectures, he has an opportunity of ex- 
plaining and illustrating the uses of the dif- 
ferent instruments used in the practice of 
Astronomy, to which lectures the students 
have free access ; and the short preparatory 
account of the instruments to be found in 
these elements, enables him to give, with 
much greater effect, a more minute explana- 
tion. 

It may not be improper to mention, that 
most of the substance of this treatise, according 
to the present arrangement, has been given 
by the author, in annual lectures since the 
year 1799, and that the first sixteen chapters 
have been in the hands of the Students of 
this University since 1808, having been then 
printed for their use. 

The Student who looks for a more ex- 
tended knowledge of plane Astronomy, and 
desires to familiarise himself with astrono- 
mical computations, cannot be at a loss for 
assiiitance. The work of Professor Vince on 
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practical Astronomy, and the complete sys* 
tern of Astronomy in three volumes, by the 
same author, will afford him ample informa- 
tion. Mr. Woodhouae has also recently pub- 
lished a treatise on Astronomy, in which the 
most interesting parts of plane Astronomy 
are minutely explained and illustrated by 
sufficient examples. The different publica- 
tions under the sanction of the board of lon- 
gitude, more particularly the nautical Almi- 
nac, will also furnish essential practical in- 
formation to the Student who desires it. Be- 
sides these, and other valuable British pub- 
lications, he may avail himself of a multitude 
of works of foreign writers on this subject. 
Several works are occasionally referred to, 
and perhaps references should have been of- 
tener made. 

The works on Trigonometry are so nu- 
merous, and the applications of it are so 
readily referred to, that, in common instances, 
it has not been thought necessary to parti- 
cularize any author. In the appendix, for 
which a more extended knowledge of Trigo- 
nometry is necessary, the treatises of Pro- 
fessor Vince and of Mr. Woodhouse have 
been quoted. These works will |be found 
quite sufficient for obtaining the preparatory ^ 
knowledge of Trigonometry necessary for the 
more difficult parts of Astronomy. 
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On account of circumstances unnecessary 
to be stated here, the preface of the formeir 
edition, published in 1813, has been re- 
printed as above. Since that publication 
•• Astronomic Theorique et Pratique, par 
M. Delambre, 3 vol. 4to.'' hi^ appeared. 
This work contains very complete details of 
the application of Trigonometrical Formulas 
for obtaining reanHs convenient for calcula- 
tion, and abounds with other valuable msfc* 
ter. Mr. Woodhouse has also lately pub- 
lished his second volume, containing phy- 
sical Astronomy. By this the student may 
easily become master of many of the import- 
ant discoveries in physical Astronomy, and 
may easily prepare himself for the most abs- 
truse investigations in that sdcMKre. 

'It was expected (see note Art. 89) that 
an opportunity might occur of again men- 
tioning the subject of the parallax of the 
fixed stars. The observations lately made 
at our Observatory, part of an intended ex- 
tensive course for re-examining this interest- 
ing question, confirm in the strongest man- 
ner those heretofore made. No doubt seems 
to remain that the changes observed fln not 
occasioned by variations of refraction, or by 
any cl^ange in the instrument. They are 
explained by attributing a Adsible parallax 
to certain sitai^s j and observations that have 



■'• 






PREFACE. Vll 

been made elsewhere seem by no means 
sufficient to overturn this conclusion. At pre- 
sent the question appears to require further 
examination by means of right ascensions. 
The differences of right ascensions of stars 
twelve hours distant from each other seem 
well adapted for this purpose, and it is 
hoped that such observations may be made 
with good instruments in climates more f% 
vourable for observations of this kind than 
ours. With us it seldom happens that two 
observations, depeilding on each other, can 
be both made when separated hy an interval 
of several hours. 
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INTRODUCTION. 






Th£ vcience of AstronoBiy has advanced to its pre- 
sent state, by means of a series of observations aad 
discoveries made dofing a long course of oges. We 
can jtiow select from these, such «s will best conduce 
to denuHMtrate the true system, and explain the va- 
rious phenomena. 

Astronomy, by making known to us the immen- 
sity of the creation, necessarily increases our rever- 
ence of the Divine Creator. This alone, is a suffi- 
cient reason for making it apart of general educa- 
tion. It talso, perhaps, famishes a more satisfactory 
i^lication of the abstract sciences, than any other 
pant of Natural Piialosophy. Its practical utUity is 
also consid^aUe* It has always been usdul in Geo- 
graphy and Navigation, and lately has affi)rded splen- 
did assistance to Uie latter, by the lunar method ef 
finding the longrtudo at sea. 

When the student first applies himself to subjects 
of Natural Philosophy, it is of much importance 
tfbat he ffhotdd proceed by the same strict smd accu- 
miti manner ef investigation, tO'^^wUch he had been 
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accustomed while engaged in the rudiments of Ma- 
thematics. 

The perfection of modern instruments, and of mo- 
dem observations, admits of an arrangement, which 
will afford, with respect to the most important iacti 
in astronomy, nearly the same degree of conviction 
to the mind as it receives from the Elements of 
Euclid, and which requires little more preparatory 
knowledge. Such an arrangement has here been had 
in view. 

The phenomena of the celestial bodies observed 
by a spectator fixed in one place are noticed. The 
uniform apparent diurnal motion of the concave sur- 
face carrying with it the sun, moon, planets and 
fixed stars, leads to the definitions of the celestial 
equator, poles, meridiaoy declination, &c. The con* 
siderations of the apparent motions of the sun, moon 
and planets, on the apparent concave surface, ImmI to 
the definitions of the ecliptic, of right ascension, 
longitude, &c. The various problems of the sphere 
have their origin firom the apparent motion of the 
concave surfiice and the apparent motions of the 
tun, moon and planets oo this surface. This is al* 
most all the astronomical knowledge that could be 
attained to by a spectator fixed to one spot, and not 
possessing observations made in distant places. He 
could form no accurate notions of the actual mag- 
nitudes, and actual distances of the sun, moon and 
planets. All the certain astronomical knowledge that 
existed for many ages was limited to the doctrine of 
the sphere. 

The next consideration is, in what manner we can 
aacertainfthe actual magnitudes of the celestial bodkn 
and their actual distances firom us. Telescopes en* 
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able us to examine more exactly their appearanceiy 
and serve to exhibit many most interesting phenoir 
mena, but do not directly lead us iiirtber. 

The first step of importance is a knowledge of the 
form and magnitude of the earth. The fixed stars 
appear in the same relative situations, at the same 
angular distances from each other, and . from the 
visible celestial pole, in whatever part of the earth 
we are. The most exquisite instruments point out 
no alteration. The conclusion drawn from this is, 
that the fixed stars are at distances so great, that lines 
directed from all places on the surface of the earth 
towards the same fixed star, or towards the visible 
celestial pole, must be considered as parallel. Comr 
bining this with what has been observed in so many 
places, that the variation of altitude of the celestial 
pcie is proportional to the space gone over in a di- 
rection north or south, and that for a change of al- 
titude of one degree, the space is about 69z miles, it 
is readily proved that the earth is nearly a sphere of 
about SOOO miles in diameter. 

This is an important step — We thus ascertain that a' 
space of 8000 miles is as nothing compared with the 
distances of the fixed stars. 

It also follows that the altitude of the celestial pole 
is equal to the latitude of the place. This conclu- 
sion enables us to solve the problems arising from the 
situation^of the celestial circles in different places, 
and to explain the variety of seasons over the whole 
earth, independent of the knowledge of the true 
system. 

Having ascertained the form and magnitude of 
Ihe Earth, the next step is to investigate the magni- 
tudes of the son and planets, or at least to shew, 
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•ome of them greatly exceed the earth in magnitude, 
mid also to shew the vast distances of them compared 
wi^ the diameter of the earth. It is important that 
this should be done previously to demonstrating the 
true system. 

Certain observations, made with micrometers} at 
two places considerably distant from each other^ 
but nearly under the same meridian, serve for this 
purposes The student will readily apprehend this 
method ; he will see, that by it we are enabled to 
/uscertain the «ngle» the disc of the earth would be 
seen under, could W0 remove ourselves to a planet 
to make the observation. This angle can be ascer- 
tained with as great precision, as we can measure 
the apparent diameter of a planet seen from the 
cArth. I^ with respect to some of the planets, 
the angle which the earth's disc subtends be so 
small, that it is within the limit of the errors of ob- 
servation, yet we obtain a limit of the magnitude 
of the earth compared with the magnitude of the 
planet. Thus the earth seen from Jupiter subtends 
an angle of four seconds, when Jupiter seen from 
the earth subtends an angle of forty seconds. Kow 
if it be contended that neither of these angles can 
be ascertained to a second or two, it will make no 
difference as to the purpose, for which this mode 
of ascertaining the relative magnitudes of the earth 
and Jupiter is introduced. It will sufficiently shew 
that the magnitude of Jupiter greatly exceeds that of 
the earth, and also will shew, that the distance of 
Jupiter is many thousand times greater than the dia- 
meter of the earth. 

The spots upon the sun, and appearances in sfr 
veraljof the planets, shew that thqr are spherical 
bodies, having a motion of rotation on their axes. 
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All this, being quite indepradent of any hypo- 
thesis as to the arrangement of these bodies, as« 
sists much in the arguments by which the rota- 
tion of the earth on its axis, and its annual motion 
round the sun in an orbit nearly circular, may be 
proved* 

The different motions of the planets on the con- 
cave surface which appear so irregular, are easily ex- 
plained by their moving in orbits nearly circular 
about the sun. 

By following an arrangement of this kind, any stu- 
dent may without difficulty satisfy himself of the 
truth of the Copemican system. He will find thn 
manner of treating the subject pursued . in the tint 
seven chapters of this work* At the end of the 
seventh chapter is a short account of the Ptolemaie 
System, now no longer interesting, exc^t on account 
of the ingenuity exhibited in accommodating it to the 
different phenomena. 

After the true system has been explained, the sub- 
sequent arrangement in a treatise on astrcmomy 
seems of little consequence* 

In this work, after the motions of the primary 
planets are explained in a general manner, the 
motions of the moon and secondary planets and 
several other circumstances ccmnected therewith 
are briefly noticed. TUm is followed by some con- 
siderations respecting the solar system and fixed 
stars. 

A short account of instruments and observations, 
by which the places and motions of the celestial bo- 
dies are exactly ascertained, is follpwed by a more 
exact statement of the planetary motiottS| and by an 
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accocmt of Kepler's discoveries ; also by a more par- 
tfcalar account of the motions of the moon, of the 
satellites and of comets. 

Several of the phenomena, which arise from, or 
•re pointed out by, the motions and bodies of the 
solar system, are next considered. Such are the 
eclipses of the Sun and Moon, the transits of Venus 
and Mercury over the Sun's disc, the velocity and 
aberration of light, and the equation of time. 

The application of astronomy to navigation and 
geography is also introduced, and the impor- 
tance of the former has occasioned a rather long de- 
tail. 

The chapter on the discoveries in physical astro- 
Xipiny contains little more than an historical ac- 
count. It had been at first intended that it 
should contain the elementary parts of physical 
astronomy as far as respected Kepler's discove- 
ries. Physical and plane astronomy are now so 
coDDected that it is difficult to treat of them sepa- 
rately. * 

Facts in the history of astronomy have been only ^ 
occask>nally introduced. The student, who has 
JOade hiniself so well acquainted with astronomy as 
to find its history interesting, will easily procure for 
himself, from a variety of authors, all the information 
be can desire. 

Among the various advantages derived from the 
science of asfronomy, there is one eminently deserv- 
ii^ of notice. We see the most complex appearances 
and most intricate apparent motions admitting of the 
simplest explanations. 
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How intricate ADd various are the apparent mo- 
tions which depend only on a primary motion of 
projection and the simple kw of gravity 1 This may 
assist ns in other departments of natural scioicey 
and may encourage us to expect that the most diffi- 
cult phenomena may at last be found to arise from 
the most simple laws. 

The aberration of light furnishes a remarkable il- 
lustration. 

Light moves about 200^000 miles in a second ) 
had it moved only 50 miles in a second^ it is pro- 
bable, astronomy would not now have existed as a 
science. The motions of the stars and planets would 
have appeared inextricable confusion* The hceid 
the heavens would have been ccmtinually changingy 
and could not have been divided into consteUatiooa. 
Stars which at one time would be seen dose toge- 
ther, at another would appear many d^rees asunder. 
All this would be occasioned by the simple change 
of the velocity of light, and, as is easily understood, 
would arise frcmi a combtnation of tfie motion of 
light and of the other motions in the system. If this 
notion be pursued in all its bearings, it cinnot be 
doubted that a omsequence of such an alteration in 
the velocity of light would have been, that this sci«- 
ence, by which our knowledge of the creation h to 
much extended, would scarcely as yet have existed. 
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ELEMEMTS OF ASTROJ^TOMY. 



CHAP. I. 



On the Doctrine qf the Sphere. 

• •• 

1. J. HE imaginary concave surface in which a 
spectator at first conceives all the heavenly bodies 
placed, is a hemisphere, in the centre of the base of 
which he himself is situate. The base of this hemis* 
phere is the plane by which his view of the heavens 
is bounded. It is called the plane of the horizon. 

The numerous bodies observed on the concave 
surface differ in lustre, and apparently in magnitude. 
All of them appear to have a daily motion. Many 
of them emerge as it were from below the plane of 
the tforizon9 and, after traversing the concave sun- 
face, disappear, to rise again at the same points o^ 
the hordson as before. Others in their paths never 
reach the horizon, but continually move round t^ 
fixed point in the heavens. 

Far the greater number of the celestial bodies 
preserve the same situation with respect to each 
other ; that is, they preserve Jthe same apparent^fe- 
tances from each other. These are caVLed-Jlxed 
stars. 

The sun, besides his diurnal motion of rising and 
descending, seems also to have a motion on the 
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concave surface, and in a certain space of time, 
called a year, to return to the same position with 
respect to the fixed stars. 

The moon appears also, besides its diurnal mo- 
tion, to have a motion among the fixed stars, and 
in a space of time called a month, returns nearly to 
the same position with respect to the sun. 

*2,. The spectator viewing those stars that do not 
set, will observe one of them nearly immoveable. 
This is called the Polar Star, from its vicinity to the 
point about which the stars that do not set appear to 
move. The point itself is called the North pole. — 
The face of the spectator being turned to this pointy 
the stars rise on his right band, or in the east, and 
set on his left hand, or in the west ; and thus the 
apparent diurnal mbtion of the celestial bodies that 
rise and set, is from east to west. 

The apparent motions of the sun and moon among 
the fixed stars, are in a contrary direction ; that is, 
from west to east. 

Besides the sun and moon, and fixed stars, ten 
other celestial bodies may be notice4» which, beside 
their apparent diurnal motions, have apparent mo- 
tions that at first seem not easily brought under any 
general laws. Sometimes they appear to Jtoove in 
the same direction among the fixed stars as the sun 
and moon ; at other times in a contrary direction^ 
and then are said to be retrograde. At times they 
appear nearly stationary. They are called platiet^. 
They have been napied Mercury, Venus, Macs, 
Ceres, Pallas, Juno^ Vesta, Jupiter, Saturn, and 
the Georgium Sidus. Of these, five have been no- 
ticed from the remotest antiquity. The other five, 
lately discovered* are onlj^. visible by the assistance 
of telescopes. The Geo^um Sidus was discovered 
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by Dr. Herschel in 1780. Ceres was discovered on 
the first diy of the present q^ntury, at Palermo, in 
Sicily, by M. Piazzi. The other three have been 
discovered since. Pallas at Bremen, by Dr. Olbers ; 
Juno at Lilienthal, by M. Harding; and Vesta, hy 
Dr. Olbers. Mercury and Venus are remarked to 
be never far from the sun. All but Pallas are 
always found to be near the annual path of the sun 
in. the ccvneave surface. 

S. The above are a few of the phenomena which 
offer thetnselves in contemplating the heavens. But 
the motions are in general only apparent, and take 
place from a combination of a variety of different 
motions. The diflficulty of deducing the actual cir- 
cumstances of the magnitudes, and of distinguishing 
the true from the apparent motions of these bodies, 
however easy it may appear when done, is such that 
we ought not to be surprised that the ancients made 
so little progress toward the knowledge of the true 
system and true dimensions of the universe ; nor 
ought we to think lightly of their efforts, and to 
treat them with contempt for their errors. The mo- 
derns, by the joint assistance of mechanics, optics, 
and maihetjf^a^icsiTisLYe advanced the science of as- 
to a greater degree of perfection, perhaps, 

lan any other branch of natural knowledge. 

4. For more readily explaining and referring to 
the phenomena of the celestial bodies, certain circles 
are imagined to be described on the concave sur- 
face. Distances on the concave surface are mea- 
sured by arches of great circles. The * present di- 

b2 

* The old mode of expressing the measure of an arch, was by stating 
i^ relation to the whole circumference ; thus the diameter of the sun, 
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vision of the circle into 360 equal parts, called de- 
grees, of each degree into 60 e^ual parts, called mi- 
nutes, and of each minute into 60 equal parts, called 
seconds, was not used till long after astronomy had 
attained to a considerable degree of perfection. 

It is much to be regretted, that, at the revival of 
learning in Europe, a decimal division of the circle 
was not adopted, which would have greatly facili- 
tated astronomical computations. The Fnp||0h have 
lately adopted this division, but not generally. — 
They divide the circle into 400 parts, each^adrant 
containing 100, each of these parts into 100, &c. 
But it is much to be doubted whether the advantages 
of this division will compensate for the disadvantages 
now attending it ; which necessarily arise from the 
number of books in which the old division is used, 
and the great variety of measures of that division 
familiar to astronomers. Accordingly, in France 
the old divisions seem likely to prevail, and much 
inconvenience will probably result from the new 
divisions having been adopted in some recent very 
valuable works in astronomy.* 

The circles, and arches of circles, forming parts 
of the instruments used in practical astronomy, are 
actually divided into degrees and parts of a degree, 



measured on the concave surfacei was tnud to be -^_ of a gicat 
circle. 

* M. Laplace, in his great work, entitled " Mecanique celeste," 
uses the decimal division. In the new tables of the sun and moon, 
published by the Board of Longitude in France, 1806, the sexagesimal 
division is used. In the tables of Jupiter and Saturn, since published 
by them, the decimal division is used. These are among the moft 
important astronomical pi^dicatioxis that have ever appeared. 
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as far as the magnitude of the radius will permit, so 
that the divisions may not be too close together. — 
The arches or limbs of the largest astronomical qua- 
drants arid circles are divided into intervals of 5 mi- 
nutes. But the measure of an angle can be obtained 
with great precision by the assistance of ingenious 
contrivances, that will be noticed hereafter. , The 
most improved instruments are adapted to measure 
angles UMteconds. In general, with the best instru- 
ments, the result of a single observation can now be 
depended on to a very few seconds, and in many cases 
tc^one second. 

5. Let us return to the consideration of the visible 
concave surface of the heavens. The intersection 
of the plane of the horizon with the imaginary con- 
cave surface, is a great circle, which may be called 
th6 celestial horizon. A plumb line hanging freely 
and at rest, is perpendicular to the plane^ of the ho- 
rizon, and a small fluid surface at rest is in the plane 
of the horizon. These two circumstances are of the 
utmost importance to the practical astronomer. The 
impossibility of having, except at sea, an uninter- 
rupted view, and other causes, make it difficult for 
him to use the horizon itself, but the plumb line and 
fluid surface fully compensatefor these inconveniences. 

The altitude of a celestial object is its distance 
from the horizon, measured, on a great circle pas- 
sing through the object, and at right angles to the 
horizon. Sudi a circle is called a secondary to the 
horizon ; a great circle at right angles to another great 
circle, being called a secondary circle. And the zenith 
distance of a celestial object is its distance from the 
upper pole of the horizon, which is called the zeniths 
By the assistance of a plumb line and quadrant, the 
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altitude or zenith distance may be readily 
Fig. 1; found. Let ACQ be an astronomical qua- 
drapt, the arch AQ of which is divided in- 
to degrees, &c. the radius AC is adjusted perpen- 
dicular to the horizon, by turning the quadrant 
about the point C, till a plumb line« suspended from: 
C, passes over a point A. The radius CQ is then 
horizontal. A moveable radius or index CT is 
placed in the direction CO of the object, bjr means 
of plain sights at the extremities of the radius C and 
T (now rarely used)^ or by means of a telescope 
affixed to the radius. The arch TQ will then shew 
the altitude, for the Z.TCQ = Z. HCO( = ihealti- 
tude) and the arch TA will shew the zenith distance, 
for Z.ACT = jlOCZ (=the zenith distance.) The 
method of observing altitudes will be more accurate- 
ly described hereafter : it was thought necessary to 
advert to it here ; and also to mention how an angu* 
lar distance on the concave surface may be measured. 

A circle HABG divided into degrees, &c. furnished 
with a fixed radius AC, and a moveable radius BC, 
being placed in the plane passing through two ob- 
jects and the eye, the circle mry be turned 
Fig. 2. till the fixed radius AC passes through one 
object, and then the moveable radius BC 
being made to pass through the other, the arch AB 
will shew the angular distance. This method is now 
rarely used. The angular distance of two objects 
when required, is seldom directly observed, on ac- 
count of the inconvenience of adjusting the plane 
of the instrument, and the two radii, to two objects, 
both of which perhaps are moving with different 
motions. Therefore, in this way, great accuracy 
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cannot be attained: but the eonception of this me- 
thddf although inaccurate, will be useful in what fol- 
lows. When an angular distance on the concave snr- 
fiice is required, it is generally obtained by computa- 
tion from other observations, ex. gr. from the decli- 
nations and right ascensions (to be explained here^ 
after). In erne instance, indeed, in the lunar method 
of finding the longitude, it is necessary to observe, 
with great precision, the distance of the moon from 
the sun or a fixed star. This is done in a manner 
hereafter described, by an Hadley's sextant, an inva^ 
luable instrument for this purpose, "by which instru* 
ment also angular distances between any tVo objects 
may be measured. 

6. To explain the phenomena of the apparent diur- 
nal motions of the celestial bodies, we imagine 
an invisible hemisphere below our horizon^ and in it 
a point diametrically opposite -to the north pole» 
which we call the south celestial pole ; we also ima- 
gine that the concave surface turns uniformly on an 
axis,^ called the axis of the W9rld, passing through 
the north and south poles, completing its revolution 
in the space of 23^ 56' nearly, carrying with it the 
sun, moon, and stars, while the horizon remains at 
rest. 

This hypothesis illustrates and represents the appa- 
rent diurnal motion of the several celestial objects in 
parallel circles, with an equable motion, each com<-> 
pleting its circulat path in the same time. That the 
motion of each star is equable, and that they describe 
parallel circles on the concave surface, we deduce 
from .observation and the computations of spherical 
Trigoaometry ; which will be readily understood 
from what follows. 
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The greQt circle, the plane of which is at right 
gles to the axis of the world, is called the EquakfTm 
This circle is bisected by the horizon ; and therefore 
all celestial bodies situate in this circle are* during 
equal times* above and below the horizon ; conae- 
quently when the sun is in this circle, day and night 
are of equal length ; whence this circle is also called 
the equinoctial. 

This representation of the diurnal mdtion^ by the 
motion of a sphere about an axis inclined to a plane 
representing the horizon, on which sphere the celes* 
tial bodies are placed at their proper angular dis- 
tances, must have been among the first steps in astro- 
nomy. Yet in the in&ncy of the science, doubtless^ 
a considerable time elapsed before it was known that 
the diurnal paths of the stars were parallel circles, de- 
scribed with an equable motion* — Without this, little 
- progress indeed could have been made. It is likely 
that at first it was little more than an hypothesis, in 
some degree ccmfirmed by the construction of a 
sphere, to represent |^y its motion the celestial diur^ 
nal motions ; for its confirmation, by the application 
of spherical trigonometry, seems to require a greater 
knowledge than we can suppose then existed. 

This diurnal motion, we now know, is only appa- 
rent, and arises from the rotation of the earth about 
an axis, by which the horizon of the spectator re- 
volves, successively uncoverihg, as it were, the^^^eles- 
tial bodies, while the circles of the inhere are at rest. 
But the phenomena are the same, whether the hori- 
zon is at rest and the imaginary sphere revolves, or 
the horizon revolves and the imaginary sphere k at 
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rest By conceiving the sphere to revolve and the 
hoKon to be at rest, the phenomena are more easily 
represented. Three centuries since, this apparent 
diurnal motion was generally considered to be real ; 
and had we not the knowledge derived from naviga* 
tion, and the communication of observations made 
in distant countries, we might still contend for the 
truth of it. Now we only imagine it, for more rea- 
dily explaining the phenomena of the sphere and the 
circles thereof. 

7. Circles of the sphere. — Secondaries * to the equa- 
tor are called circles of declination^ because the arc of 
the secondary, intercepted between an object and the 
equator, is called its declination north or south, ac- 
cording as the object is on the north or south side of 
the equator: 

The great circle passing through the pole and the 
zenith, is called the meridian. This circle is at right 
angles, or a secondary both to the horizon and equa- 
tor. It is easy to see that it divides the visible con- 
cave surface into two parts, eastern and western, in 
every respect similarly situate as to the pole and par 
rallel circles. The eastern parts of the parallel diur- 



* A common celestial globe, or eren a reference to the concave smv 
£u:e itself, will much better assist the conception of the circles of the 
sphere, than figures drawn cm a plane surface, which are rather apt 
to mklflfKl a banner. The herizon of the |;lobe must be considered 
as continued to pass through' the centre, where the eye is supposed 
situate viewing the hemisphere above the horizon, and Uie axis of the 
globe is to be placed at the same elevation, as the axis o£ the cononre 
suiface of ^ the ^)ectator. In this way all the circles of the celestial 
sphere wfll b^ easily understood. Any oonsideratioa of the form of 
the earth is entirely foreign to a knowledge of the circles of the sphere 
They were ^kiginallyfaven^ without any reference to or knowledge 
of it. 
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nal circles being equal to the western, the times of 
ascent from the horizon to the meridian, are Qi|iial 
to the times of descent from the meridiaa to the 
horizon • 

In Fig. 3. the circle HFKOGW represents the 
Iiorizou,' fbe centre C of which is the place of the 
spectator. The part of the figure above this circle 
represents the visible concave surface ; and the part 
below, the in visible. Z is the zenith ; Pthe visible^ 
and R the invisible pole. PZEHRNQO is the me- 
ridian, EGQV the equator. AB a small circle pa- 
rallel to the equator, FLW the visible portion of 
another parallel to the equator. A star, situate in 
AB, is continually above the horizon. A star in the 
equator is only visible while in the part GEV=r 
VQG. A star in FLW is only visible in the portion 
FLW above the horizon ; it rises at W, and sets at 
F. ZSK is a portion of a secondary to the horizon* 
SK is the altitude of the point S, and SZ its zenith 
distance. PSD is a secondury to the equator, or a 
circle of declination^ and DS the declination of the 
point S. 

A telescope being directed to any star, and the 
time noted by a clock, if the telescope remain fixed, 
the same star will again pass through it after an in- 
terval of 23^ 56' nearly. And this being so, to what- 
ever part of the star's diurnal path the telescope is di« 
rected, proves the equable motion in that dhirnal 
path. A telescope particularly fitted up, and placed 
so as to be conveniently moved in the plane of the 
meridian, is of as much use in the practice of astro* 
nomy as the quadrant : it is called a transit instru- 
ment; its uses m\\ be afterwards explained. M well 
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as the method of finding the direction of the me- 
ridian. 

The tioie of describing a diurnal circle by a star 
may be nearly ascertained^ without a telescope, by sus- 
pending two plumb h'nes at two or three feet from 
each other, then observing when the star appears in 
the plane of the strings, noting the time by a clock 
well regulated : the same star will pass the plane again 
after 23^ 56 . An upright wall will serve for the same 
purpose- Vice versa, this method will serve to ascer- 
tain the rate of going of a clock. It may also be ap- 
plied to ascertain^ the time of passage over the meri- 
dian, by adjusting the plumb lines in the plane of the 
meridian. 

Secondaries of the equator are also called hour cir- 
cles^ because the arc of the equatar, contained between 
any one of these circles and the meridian, shews the 
distance in time of that body from the meridian, the 
equator being divided into 24* hours. 

8. The meridian also passes through the nadir (the 
lower pole of the horizon.) 

Secondaries of the horizon are called vertical circles. 
That vertical circle which intersects the meridian at 
right angles is called the prime vertical. 

It will help the conception of the student to consi- 
der the meridian and other verticals of the horizon as 
remaining at rest, while the sphere revolves, carrying 
the equator and other circles. 

The four points where the meridian and prime ver- 
tical intersect the horizon, are called the cardinal 
points. Those of the meridian, north and south; those 
of the prime vertical, east and west. The equator in- 
tersects the horizon in the east and west points (be- 
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ing poles of the meridian), and its inclination to the 
horizon equals the complement of the altitude of the 
celestial pole. 

The azimuth of a celestial object is measured by an 
arc of the horizon, intercepted bet>¥een the meridian 
and a vertical circle passing through the object. In 
Fig. 3, KO is the azimuth of the point S from the 
north. 

The altitude of a celestial object, being its distance 
from the horizon measured on a secondary of the 
horizon, is greatest when the object is on the me- 
ridian. 

9. The path of the Sun traced on the surface of the 
imaginary celestial sphere, among the fixed stars, is a 
great circle, which he moves over, in a direction from 
west to east. The circle is called the ecliptic^ be- 
cause eclipses take place when the moon, at the new 
and fuU, is in or near this circle. The apparent mo- 
tion of the sun, in this circle, is not entirely uniform ; 
the motion being contrary to the diurnal motion, the 
interval between two meridian passages of the sun is 
greater than that of the fixed stars by four minutes 
nearly. This interval, between two passages of the 
sun over the meridian, is in its mean quantity called 
24? hours, or a day. In 365 days, 6 hours and 9 mi- 
nutes, the sun appears to complete the ecliptic. The 
seasons are connected with the positions of the sun in 
the ecliptic. The period, therefore, of his motion, 
called a year, becomes one of the most important di-» 
visions of time. , 

10. The moon completes her course among the 
fixed stars, by a motion from west to east, in 27 days 
7 hours, returning nearly to the same place. Its ap- 
parent path is nearly a great circle^ intersecting the 
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ecliptic at an angle of about five degrees. Its motion 
being also contrary to the diurnal motion, the inter- 
val between its successive passages or transits over the 
meridian is greater than that of the fixed stars, by 52 
minutes, in its mean quantity. The moon is said to 
be in opposition to the sun, when near that part of 
the ecliptic opposite to the sun. The interval be- 
tween two oppositions is nearly 30 days, and at each 
oppbsitlon the moon shines with a full face. The 
use, in civil life, of this striking phenomenon, makes 
another important division of time, which is called a 
month. 

10« The ecliptic necessarily intersects the equator, 
each being a great circle. The angle of intersection 
is nearly 23^ 28'. The circumstance of the inclina- 
tion, or obliquity of the ecliptic to the equator, ex- 
plains the change of seasons. The true cause of the 
appearance of the obliquity of the ecliptic to t^e equa- 
tor, will be afterwards shewn. If the ecliptic coin- 
cided with the equator, the sun would always rise and 
set in the east and west points, would always be at 
the same altitude when on the meridian, and would 
be absent and present during equal spaces of time. 
Now the efiect of the sun^^^with respect to heat, de- 
pends upon the time of hnscontinuance above the ho- 
rizon, and the ^eatest altitude to which h^Mrises ; 
therefore, if Ulsnnoved in thejequator, no alteration 
would take place, because bis^eatest altitude would 
be the same every day. But the ecliptic being in- 
clined to the equator, when the sun is in that part 
which is between our visible pole and the equator, 
the greater part of each of the diurnal circles which 
he describes, is above our horizon, i. e. h^is more 
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than half the S4* hours above the horizon, and he 
passes the meridian betwem the ^uator and zenith. 
When southward of the equator, he is less than 12 
hours above the horizon. When he is in the points 
of intersection of the ecliptic and equator, he is just 
12 hours above the horizon, and it. is then equal day 
and night. This latter circumstance takes place on 
the 20th of March and 23d of September. 

The sun is in that part of the ecliptic nearest our 
visible pole about the 21st of June, and then our days 
are longest, and in the part farthest from it on the 
21st of December, when our days are shortest. The 
sun is about 8 days longer on the northern side of 
the ecliptic than on the southern, and hence summer 
is eight days longer than winter. The greatest heat 
is not when the days are longest, but some time after, 
because the increase of heat during the day is greater 
than the decrease during the night, consequentty heat 
must accumulate till the increments and decrements 
are equal ; afterwards the decrease being greater than 
the increase, the heat will diminish. The same may 
be said with respect to cold» 

12. The two parallels of the equator, or parallels of 
declination, touching the ecliptic, are called tropics 
or tropical circles^ because when the sun is in these 
points of the eliptic, he turns his course, as it were, 
back again toward the equator. 

The points of the ecliptic of greatest declination, 
or the tropical points, are called solstices^ because the 
sun appears, as it were, stationary, with respect to his 
approach to the poles. 

13. A belt or zone extending on each side of the 
ecliptic about 8^ is called the zodiac, from certain 
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imaginary forms of animals conceived to be drawn in 
it, called signs of the zodiac. There are twelve signs, 
probably from being twelve lunations during the 
course of the sun in the ecliptic. These are Aries, 
Taurus, Gemini, Cancer, Leo, Virgo, Libra, Scorpio, 
Sagittarius, Capricornus, Aquarius, and Pisces, and 
denoted by «r, », n, sb, ft, fljj, ^, tri, t, l^f, XT, 
X. The reason of distinguishing this space was, be- 
cause th6 sun and planets were always observed 
within it. These figures served also to distinguish the 
position of the stars with respect to one another, and 
were therefore called the constellations of the zodiac. 
The space of the zodiac has always been noticed from 
the earliest records of astronomy. Some of the pla- 
nets lately discovelhed are not confined to this space. 
One of them, Pallas, sometimes is distant above 62^ 
from the ecliptic. 

The first six cc^lfstelladons, beginning with Aries, 
were formerly on the northern side of the ecliptic, 
most probably when the description of the zodiac wa!s 
first invented, and the six others on the southern. 
But by a comparison of observations made at a con- 
siderable interval firom eacfx x>ther, it is found that 
the intersections of the eclipnc and equator move 
backward, in respect to the signs of the zodiac, the 
obliquity of the ecliptic remaining nearly the same.^ 
The equator moves on the eqliptic, the ecliptic conti- 
nuing to pass nearly througl^ the same stars. The in- 
tersections or the equinoctial points move backward 
at the rate of !• in 71 1 years, and therefore, at present, 
the constellation Ari^s seems to be moved forward 
nearly SO*^ from the equinoctial point, yet astrono- 
mers still commence the twelve signs or divisions of 
the ecliptic at the equinoctial point, and name them 
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after the constellations of the zodiac. This distinc* 
tion ought to be attended to. 

14. In the practice of astronomy, the most general 
and convenient method of ascertaining the position 
of any celestial object on the concave surface, is to de* 
termine its position with respect to the equator and 
vernal equinoctial point, that is, to determine its de* 
clination and right ascensic^. The right ascension of 
a celestial body is the arc of the equator intercepted, 
reckoning according to the order of the signs, be- 
tween the vernal equinoctial point, or the first point 
of Aries, and a secondary to the equator passing 
through the object. This is expressed both in time 
and space. Thus, if the arc intercepted be 15^, the 
right ascension may be said to htf 15' or one hour, 
supposing the equator divided into 24* hours. The 
measure of 24 hours for the time of the diurnal revo- 
lution of the fixed staiV^ or thB» celestial sphere, is 
called sidereal time. Hence the interval in sidereal 
time betweeit the passages of two fixed stars over the 
meridian, l^ilie same as the di£Perence of their right 
ascensions expressed in time. 

The term, right luscension, arigfeaUjr 4iad a refe- 
rence to the rising <l!^^e celes^al bodies. Now its 
use is much more circumscribeS, but much more im- 
portant, and therefore it might have been better to 
have adopted another term for expressing the arch 
intercepted between a secondary to the equator pas- 
sing through the celestial object, and the first point of 
the equator. 

15. The position of a celestial body, with respect 
to the equator, being ascertained, it i« very often 
necessary to ascertain its position with respect to. the 
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ecliptic, i. e. to determine its longitude and ktti" 
tude. This is done by spherical trigonometry, Vid. 
Appendix, for this and other problems belonging to 
the doctrine of the sphere. 

The longitude of a celestial object is measured by 
an arch of the ecliptic, intercepted between the 
first point of Aries (reckoning according to the order 
€f the signs) and a secondary to the ecliptic passing 
through the object. Its latitude is its distance from 
the ecliptic, measured on a secondary of the ecliptic 
passing through the object. 

16. The solstitial colure is a secondary to the 
equator passing through the solstices, and is there- 
fore a secondary to the ecliptic. 

The equinoctial colure is a secondary to the equa- 
tor, passing through the equinoctial points. 
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CHAP. 11. 



Fixed StarS'^Telescopes-'^Appearmice of Stars in 

Telescopes, 



17, LET us now return to the consideration of 
the fixed stars. We observe about 3000 stars visible 
to the naked eye, very irregularly scattered over the 
concave surface of the heavens. There are seldom 
above 2000 visible at dnce, even on the darkest 
night. They are distinguished from the planets not 
only by preserving the same relative position to 
each other, but also by a tremulous motion or twink- 
ling in their light, apparently arising from the effect 
of the atmosphere on the rays of light passing 
through it. 

For the convenienqr of arraifging and referring to 
the di£ferent stars, the method of constellations was 
invented by the ancients. They imagined a number 
of personages of their mythology, also animals, &c. 
drawn on the concave sur&ce, and including parti- 
cular groups of stars ; these they called constellati- 
ons, and denominated the stars from the constellation 
in which they were, and from their situation in that 
constellation. This method, though certainly use- 
ful, is not adequate to the purposes of astronomy in 
its present state, but for many obvious reasons it has 
been retained. The stars do not form the figure of 
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the constellation, except in a few assemblages which 
have a remote resemblance ; such are the Great Bear, 
the Hyades composing the Bull's head, &c. Some 
of the brighter fixed star^, and those more remark- 
able by their position, had proper names assigned to 
them, as Arcturus, Sirius, Alioth, Algol, &c. 

18. Bayer, who published a celestial atlas in the 
year 1603, much facilitated the arrangement of the 
fixed stars. He marked those in each constellation 
by the letters of the Greek alphabet, according to 
their tb/en degrees of brightness.* The stars are 
also divided according to their apparent brightness 
into magnitudes. The brightest are of the first 
magiutude, And so on to the sixths the least m^gni- 
4»ide.visibjl^ to the najced eye. There are 11 stars 
of .the fii:st jctiagnjtude in the portion of the concave 
sur&ce visible to u/iy viz. Aldeba^an, C^peUa, Bigel, 
m OxiOimf Sorius, Begulust Spica Virginis, Arcturus, 
AntariS^, »f J^yrs^, and Fomalhaut. In the remaining 
poartion of the concave ;gurface there are six, viz. 
Axiiemari Canopq^, fi Argus, » Crucis, « and fi 
Ccntaurl There ar^e about 56 of the second mag- 
nitudef M^d about X^ of the third magnitude, visible 

Boiue assemblages of the stars are more remark- 
able than others ; such are the Pleiades^ Hyades, 
Cassiic^^a's chair, and the great Bear. The eye 
unassisted by a telescope, remarks also a very con- 
^idSe^ble irregular luminous belt called the milky way. 

c2 



* The constellation called the Great Bear is an exception, in it the 
principal Stars are marked in the order of their right ascensions. 
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Likewise other small luminous spots, called from 
their appearance nebulae, viz. Praesepe, nebulae in 
Perseus, in the girdle of Andromeda^ &c. By the 
assistance of telescopes, we find that the number of 
the fixed stars is greater than can be ascertained ; 
the number of those visible to the naked eye being 
incomparably smaller than of those which are only 
visible by the help of telescopes, 

19. The theory of telescopes properly belongs to 
the science of optics, and therefore a very short 
account of their effects, and of the improvements 
that have, from time to time, been made in them^ 
is all that is necessary here. 
The use of telescopes is to present tfie images of 
objects under a larger angle than the objects them- 
selves, which is magnifying, and likewise to render 
objects visible that would otherwise be invisible. 
Telescopes for common astronomical purposes mag- 
nify from 40 to 200 times, and for particular pur- 
poses from ^00 to 1000 and upwards ; i. e. objects 
appear so much nearer than when seen by the naked 
eye, and their parts become more visible and dis- 
tinct. We are enabled by a telescope which ma^ 
nifies 100 times to behold the moon the same as ipe 
should if placed 100 times nearer than at present. 
A telescope magnifying 1000 times, will exhibit the 
moon as we should behold it could we approach 
within 240 miles of it. We cannot actually ap- 
proach the moon at pleasure, but we can form an 
image of the moon, and approach this image at 
pleasure, and so make the image subtend a greater 
angle than the moon itself. We can magnify the 
image by help of a simple microscope, the same as 
we can magnify any minute object This is the 
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principle of the common telescope. The object glass 
forms an image of the moon, and ^e magnify this 
image by help of the eye glass, which may be consi- 
dered as a microscope. 

20. Telescopes were accidentally invented at Mid- 
dleburgh in Holland, about the year 1609. There is 
no foundation for supposing them known earlier, al- 
though the single lens had been in use for spectacle 
glasses since the beginning of the 14fth century. Ga- 
lileO) hearing of their effects, soon discovered their 
construction, and applied them to astronomical 
purposes, from whence a new sera may be dated in 
astronomy. After some trials, Galileo made a tele- 
scope which magnified upward of 30 times, and with 
this instrument, so inferior in power to modern teles- 
copes, he made most important discoveries. In little 
more than a year he had observed the nebula of 
Orion, the telescopic stars in the Pleiades and in Prse- 
sepe, had discovered the satellites of Jupiter, very ac« 
curately described the face of the moon, and com- 
puted the height of some lunar mountains, observed 
an extraordinary appearance in Saturn, occasioned by 
the ring, which his telescope could not clearly shew, 
and had observed phases in Venus similar to the 
phases of the moon. 

Notwithstanding the importance of the telescope, 
it was but slowly improved.. Telescopes admitting 
of a high magnifying power w^ere of a very inconve- 
nient length. A high magnifying power could not 
be obtained by a short telescope, without rendering 
the image indistinct by colour. The ardour and i|i- 
dustry of the astronomers of the latter end of the 
17th century overeame this difficulty, by using te- 
lescopes without tubes. They affixed the object glass 
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to the top of a pole, directing it by m^ans of a Jong 
string, so as to throw the image into its proper place. 
Huygens {particularly distinguished himself by im- 
portant discoveries with that inconvenient kind of te- 
lescope, which has been called the aerial telescope. 
The discoveries of Sir Isaac Newton, respecting 
light, induced astronomers to desist from endeavour- 
ing to improve refracting telescopes, and to aim at 
perfecting reflecting telescopes. Soon after the di^o- 
very of the telescope, it was suggested that the image 
of the object might be formed by reflection instead of 
refraction ; but as no particular advantage could be 
shewn to arise from this alteration, it does not seem to 
have been attended to, till James Gregory proposed 
the construction of a reflecting telescope which goes 
by his name. He intended by this construction to 
obviate the errors of the object glasses of the common 
telescope, arising from their being necessarily ground 
of a spherical form« The discoveries of Newton on 
light shewed these errors to be comparatively of trif- 
ling consequence. Newton himself, as soon as hiis 
experiments on light had shewn him the true obsta- 
cle to the improvement of refracting telescopes, in- 
vented and executed a reflecting telescope, which 
goes by his name. His construction is better adapted 
to many purposes in astronomy than that of Gregory, 
although for common purposes Gregory's may be 
considered most convenient. 

Many inconveniences attended the construction 
and execution of reflecting telescopes. When made, 
they were liable to tarnish, and to change their figure, 
an error in which is of much greater consequence 
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than in refractors. Thii4 much fewer advantages 
were derived froni reflecting telpsoopes than had been 
expected. And the improvement of telescopes s^m- 
ed at a stand, when, in the year 1757, a discovery of 
Mr. Doltknd, an c^tician in London, gave hopes of 
improving them fer beyond what had been hitherto 
done. He discovered that by a combination of lenses 
of flint glass and crown glass, he could form an image 
free from colour. This enabled him to make tele- 
scopes, admitting of high magnifying powers, of a 
very convenient length. These telescopes are called 
achromatic, are now in common use, and fitted to 
those astronomical instruments by which angles are 
measured. Expectations were formed of being able 
to increase the breadth of the object glasses, to admit 
of very high magnifying powers, without lengthening 
the telescope so as to be inconvenient ; but this was 
prevented by the nature of flint glass. This cannot 
be obtained fit for the purpose of telescopes, except in 
small portions of surface. It does not appear that we 
can do tnore by achromatic telescopes, than astrono- 
mers at the end of the 1 7th century did by telescopes 
without tubes, if so much ; and achromatic telescopes, 
although an invaluable improvement by reducing the 
length of telescopes, have not discovered to us more 
in the heavens than had been seen a century before. 

21. Under these circumstances, the very ingenipus 
and indefatigable Dr. Herschel set himself to im- 
prove refiecting telescopes, in which he has been 
highly successful. His reflectors are of the New- 
tonian kind. After repeated attempts he succeeded 
in making one 20 feet long and '18 inches aperture. 
The great breadth of the aperture increased so ipuch 
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the brightness of the image, that he was enabled, 
with great convenience, to use very high magnify* 
ing powers. At last be attempted and executed one 
40 feet in length and of 4> feet aperture. A most sur- 
prising performance, when the labour and difficulty 
dT casting and polishing the metal speculum, the ob^ 
staeles he had to contend with in the weight, and in 
the apparatus for moving it, are considered. A fiiU 
account of this telescope, by Dr. Herschel himself, is 
given in the Phil. Trans, for 1795. 

The discoveries of Dr. Herschel will be mention- 
ed in their places. In the mean time it may be re- 
marked, in order to form some idea of the efiS^t of 
telescopes, when applied to the celestial bodies, 
that the reflector of the 40 feet telescope forms an 
image of the ring of Saturn, about ^^ of an inch in 
diameter ; we are enabled to magnify 'this by the 
eye glass, in the same manner as we can magnify an 
olgect 7*9 of an inch in breadth by a common mir 
croscope. 

22. The appearance of the stars seen in a tele-^ 
scope, is very different from that of the planets. — 
The latter are magnified and shew a visible disc 
The stars appear with an increased lustre: but with 
«io disc. Some of the brighter fixed stars appear 
roost beautiful objects, from the vivid light they ex- 
hibit. Dr. Herschel tells us that the brightness of 
the fixed stars of the first magnitude, when seen ia 
his largest telescope, is too great for the eye to bean 
When the star Sirius was about to enter the tele- 
scope, the light was equal to that on the approach of 
sunrise, and upon entering the telescope, the star 
appeared in all the splendour of the rising sun, so 
that it was impossible to behold it without pain ta 
the eye* 
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The apparent diameter of a fixed star is only a de* 
ception arising from the imperfections of the tele- 
scope. The brighter stars appear sometimes in bad 
telescopes to subtend an angle of several aeconds^ 
and this has led astronomers into mistakes, respect- 
ing their apparent diameters. The more perfect the 
telescope, the less this Irradiation of light. We know 
certainly that some of the brighter fixed stars do not 
subtend an angle of 1'^, from the circumstance of 
their instantly disappearing, on the approach of the 
dark edge of the moon. Dr. Herschel attempted to 
measure the diameter of « Lyras, and imagined it to 
be about ^.^ of a second. 

, 23. Although the superior light of the sun etbces 
that of the stars, yet by the assistance of telescope* 
we can observe the brighter stars at any time of the 
day.. The aperture of the telescope collect* the light 
of the star, so that the light received by the eye i& 
greater than when the eye is unassisted. The dark- 
ness in the tube of the telescope also in some measure 
assists.* 



* It appean by the principles of optics, that when an object is seen 
through a telescope, the density of . the light on the retina must be al- 
ways less than when the object is seen by the naked eye ; but the quan- 
tity of light in the whole image may be much greater in the former 
case than in the latter. And it is certain that our power of seeing ibm 
otject with distinctness, depends on the quantity of light in the whole 
image. Dr. Herschel, in a valuable paper in the Phil. 1 rans. 1 800, part 
I. onthe^power of penetrating into space, uses the terms absolute bright- 
ness and intrinsic brightness, the former to distinguirii the whole quan* 
tity of light in the image on the retina, and the latter to distinguish its 
density. He gives an instance in which the absolute brightnen WM 
increased 1500 times in a telescope, and the intzinsic brightnew was 
1?88 than to the naked eye in proportion of 3 to 7. 
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The most inferior telescc^ will diseover stars 
that escape the unassisted sight. Bj the telescc^ 
we discover that the milky way, and some of the ne- 
bUlsB above-mentioned* consist of very num^rouiE^ 
small stars. Others, ^\en in the best telescopes, ap- 
pear still as small luminous clouds. There is a very 
remarkable one in the constellation of Orion, which 
the best telescopes shew as a spot uniformly bright. 
It is a singular and beautiful phenomenon. So great 
is the number of telesc<^ic stars in some parts of the 
milky way, that Dr. Herschel observed 588 stars in 
his telescope at the same time^ and they continued 
equally numerous for a quarter of an hour. In a 
space about 10 degrees long, and 24- degrees wide, 
he computed there were 258000 stars. Phil. Trans. 
1795. 

24*. The most ancient catalogue of the fixed stars 
is that of Hipparchus, who observed at Alexandria 
about 150 B. C. His catalogue consists of 1022 
stars. Although several celebrated astronomers, as 
Tycho Brahe, &c. employed themselves in more ac* 
curately observing the places of the fixed stars, yet 
the number was not much increased till the time of 
Flamstead, whose catalogue, entitled the British Ca- 
'talogue, appeared in 1725. It c(Hitains about 3000 
stars visible to the naked eye, and was the result of 
nearly 40 years labour. Later astronomers have ob- 
served, with greater accuracy, the places of some 
of these stars, particularly of those in and near the 
zodiac ; and very recently, M. Piazzi, of the Obser- 
vatory at Palermo, in Sicily, has recompleted the 
whole catalogue. In 160^, M. Delalande published 
a w6rk entitled •* Histoire celeste Fran^aise^" in 
which are observations of 50000 stars, viz. of stars of 
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the 6tfa magnitude not observed by Flamstead, and 
of telescopic stars of the 7tfa, Sth, and 9th magni- 
tudes. They were mostly observed by his nephew 
M. Lefrancais Delalande, and furnish a lasting monu- 
ment of his patience and industry. Great as is this 
number of stars of the above magnitudes, it would 
not be difficult to increase it considerably. 

25. Some stars appearing single to the naked eye, 
when examined with a telescope appear double or 
treble, that is, consisting of two or three stars very 
dose together : such are Castor, « Herculis, the Pole 
Star, &c. Seven hundred, not noticed before, have 
been observed by Dr. Herschel. They are particu- 
larly useful for trying and comparing the goodness 
of telescopes, because if the telescope do not give 
a well defined image, these stars will appear as one. 
In viewing these double stars a singular phenomenon 
discovers itself, first noticed by Dr. Herschel ; some 
of the double stars are of different colours, which, 
as the images are so near each other, cannot arise 
from any defect in the telescope. « Herculis is 
double^ the larger red, the smaller blue ; i Lyras is 
composed of four stars, three white and one red$ 
r Andromeda is double, the largest reddish whit^ 
the smallest a fine sky blue. Some single stars 
evidently differ in their colour. Aldebaran is red, 
Sirius brilliant white. 

From former observations it-appears considerable 
changes have taken place among the fixed stars. 
Stars have disappeared and new ones have appeared. 
The most remarkable new star recorded in history, 
was that which appeared in 15/2, in the chair of 
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Cassiopcea. It was for a time brighter than Venoi^ 
and then seen at mid-day: it gradually diminished 
its lustre, and after 16 months disappeared. That 
the circumstances of this star were faithfully recorded 
we can have no doubt, since many different astro- 
nomers of eminence saw and described it. Cornelius 
Gemma viewed that part of the heavens on Nov. 8, 
1572, the sky being very cleart and saw it not. 
The next night it appeared with a splendor exceed- 
ing all the fixed stars, and scarcely less bright than 
Venus. Its colour was at first white and splendid, 
afterwards yellow, and in March, 1573, red and 
fiery like Mars or Aldebaran, in May of a^ pale livid 
colour, and then became fainter and fainter till it 
vanished. 

Another new star, little less remarkable, appeared 
in October, 1604*. It exceeded every fixed star 
in brightness, and even appeared larger than Jupi- 
ter. Kepler wrote a dissertation upon it. 

Changes have also taken place in the lustre of the 
fixed stars ; $ Aquilae is now considerably less bright 
than y, A small star near ^ursae majoris is now pro- 
bably more bright than formerly, from the circum- 
stance of its being named Alcor, an Arabic word 
which imports sharp-sightedness in the person who 
could see it. It is now very visible. 

26. Several stars also change their lustre periodi- 
cally. Ceti, in a period of 333 days, varies from the 
2d to the 6th magnitude. The most striking of all is 
Algol or fi Persei. Mr. Goodricke has with great 
car^ determined its periodical variations. It is, when 
brightest, of the 2d9 and, when least, of the ith mag->^ 
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nitude; its period h only 2^21^: it changes from 
the second to the fourth magnitude in 3} hours, and 
back again in the same time, and so remains for the 
rest of the 2^21 h. These singular appearanoea may 
be explained, by supposing the fixed star to be a body 
revolving on an axis, having parts of its surface not 
luminous. 

2T. The number of nebulae is very considerable. 
Dr. Herschel has discovered above 2000 : before his 
time only 103 were known. But far the greater part 
of these 2000 can be only seen with telescopes equal 
to his own. The vast quantity of light obtained by 
his large speculums, renders bis telescopes very useful 
for discoveries among the fixed stars, where light n 
the principal thing to be desired. — He has given an 
account of several phenomena, which he calls nebu- 
lous stars, stars surrounded with a faint luminous at- 
mosphere. He describes one observed Nov. 13, 1790. 
*^ A most singular phenomenon : a star o^f the eighth 
** magnitude, with a faint luminous atmosphere^ of a 
** circular form, and of about S' diameter ; the star b 
'< perfectly in the centre, and the atmosphere is so 
** diluted, faint, and equal throughout, that there 
*^ can be no surmise of its consisting of stars ; nor can 
«• there be a doubt of the evident connection between 
** the atmosphere and the star. Another star, not 
** much less in brightness, and in the same field with 
^ the above, was perfectly free from any such appear- 
*<ance." Phil. Trans. 1791. 

Dr. Herschel has, with unwearied attention, exert* 
«d himself in examining and noting every thing re- 
markable in every part of his visible celestial surfiice, 
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by a rc^gular review, so that little can escape him* 
En coQfiec|ueDce of hie nuiaeroui» discoyeries^ many 
very ingenious and magnificent ideas have occurred 
toUta Bespseliqg the fixed stars and nebulae. 

28. Having given a abort statement of the simple 
appe«ranoes of the bodies plaeed on the concave ^r- 
face of the heavens, which are such, that they must 
•dpongly excite our cariosity ; we may now leave the 
imhjectf and resume it after having stated the know- 
' lfM%e Ibat (4iservatian6 and deductions from thence 
«Kttd u$» reapectiag the magnitudes, dbtances» and 
modems of the 8un» nkoqu and planets. Then re- 
itiiming again U> due consideration of the fixed stars, 
mdA n^eigning thcoa their piX)per jpiaces in the iini- 
oHeise, weahall discover what must fill our minds with 
aatoni^ment and ajve, and must isaise in us the great- 
est admiration of the Akni^y Cma/tor. That which 
Jbtfis hitherto been atated, regards only wiiat a specta- 
.ior fixed to one spot might disoover. H is only by a 
change of place, or by comparing the observations 
made at places distant fpom eadi other, that we can 
xeadUy arrive at a knowledge of the real distances 
jmd real mqtions of the celestial bodies. An isolated 
.observer^, Jaowever he might be gratified by^the spec- 
tacle of the heavens on a<fine evening, would be able 
^.discover little of what, when <the true circumstances 
are known, add so much to the wonderfiil variety 
we observe in terrestrial matters, of the Creator's 
power. He would only barely discover that the 
cun, moon, and planets werie at dififerent distances 
-finom the earth. He would also be able to 
form hypotheses to explain 4heir motions^ but 
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few of those would he be enabled to submit to the 
test of experience. Previously to this it would be 
necessary to investigate the figure and dimensions of 
the earth upon which he lives. This knowledge is 
obtained from the phenomena which arise fiom a 
change of place. 
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CHAP. IIL 



Phenomena depending on a change ofplace^ and on the 

J^ure of the earth. 



29. A SPECTATOR, without changing his 
situation on the earth, would soon discover that 
the celestial bodies are not all placed on the con- 
cave surface at equal distances from him ; for he 
would remark that die sun, moon^ and planets 
varied their apparent magnitudes or diameters, 
which roust arise either from changes of dis- 
tance, or changes in the actual magnitudes of the 
bodies. The former solution is so much simpler 
than -the latter, that no one could hesitate in adopt- 
ing it, even if not confirmed by other circumstances. 
It was remarked that the apparent paths of the sun 
and moon intersected each other. When they 
appear to meet at these intersections^ the moon 
is observed to obscure or eclipse the sun, conse- 
^ / quently the moon must be nearer ^ the sun. 

But to proceed in the investigation of these 
distances, it will^ as was observed, be necessary to 
become acquainted with the form of the earth on 
which we live. 
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30. A spectator placed on the sea, or on a plain, 
where his view is unobstructed, at first considers 
the surface ^s a plane coinciding with his horizon, 
and extended to the concave surface of the celestial 
sphere. But it is immediately suggested to him, 
that the surface of the earth is not fliit or coincident 
with his horizon, for on the s6a he perceives the 
tops of the masts to disapipear last, and on the plain 
he observes the tops of distant objects, when the 
bottoms ^re invisible. This cannot be explained 
otherwise than by a curvature on the earth's surface. 
The voyages of modern navigators have put this 
matter in the clearest light; for, by continued 
sailing to the eastward or westward, they have 
arrived again at the ^rt from which th^y set out. 
This has been done in. different courses on the sur- 
face, so that thei^y traversing the earthy they have 
ascertain^ its surface to be a curved surface return- 
iilg iiito itself. Edipses of the moon serve to point 
out that the figure of the earth niudt b^ nearly sphe- 
rical, for the boundary of the earth's shadow seen 
on the moon always appears circular, which could 
not Always be ^e cstie^ unless the earth were nearly a 
sphere. 

31. The magnitude of the earth is next to be 
considered I previously to which it is necessary to 
remark, that however distant two places on the 
earth^s surface are, the angular distances of the same 
statfe visible in each place are precisely the same ; 
from whence it follows, that the distances of the* 
fix^ stars dre sb greats that ^ach inhabitant: of the 
earthy in reiipeet to them^ considers himself in the 
centre of tbi& same imaginary sphere; or that all 
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lines drawn from the surface of the earth to any 
star, may be considered as parallel at the surface of 
the earth ; for the inclination of the lines drawn 
from any two places toward the same star, is less 
than can be measured, and therefore for all purposes 
must be considered as parallel. 

32. Every spectator also observes the same celes- 
tial pole and equator, that is, situate the same with 
respect to the fixed stars ; but the situation of the 
celestial circles with respect to the horizon will 
be difierent. The meridian altitudes of the celes- 
tial objects will be different in difierent places, 
and the altitude of the celestial pole will be in« 
creased or diminished, according as an observer 
travels north or south. Actual admeasurement 
shews, that the space gone over in a direction north 
or south, is very nearly proportional to the varia- 
tion of the altitude of the celestial pole. Measure- 
ments shewing this have been made in Lapland, 
Holland, England, Germany, France* Italy, at the 
Cape of Good Hope, Hindostan, and in North and 
South America. 

33. From hence it is proved that the earth is 
nearly a sphere, by which is explained the pheno- 
menon of the variation of altitude of the pole^ being 
proportional to the space gone over in a direction 
north or south. 

Let the circle LCS represent a section of the 
earth, on the plane of a celestial meridian. LR a 
section of the horizon of. the place L, SO of the 
place S. LP and SF lines drawn in the direction 
of the celestial pole, which are therefore parallel 
(Art. 31 . and 32) produce SO to meet LR, and LP in 



ELEMENTS OF ASTRONOfifY. 55 

H and B. Now z. P^O = /. PBOj and 
IPig. 4. Z PBO— z. PLR =: C LHB = z. C, there- 
fore jl FSO— z. PLRs:/. C. But 4. C 
varies as LS, consequently the difierence of the 
ejevations of the pole at L and S varies as LS. JIx- 
periraent shewing this to be pearly so, it follows 
that the earth js nearly a sphere. It is also proved 
by navigators, in distant voyages, making their 
computations of the distances sailed, upon the sup- 
position that the earth is a sphere, and the result 
nearly agreeing with the cfl^tances ascertained by the 
rate of sailing deduced by the log-line. 

54. The measure of a d^ree on the earth^'s suiface 
is * 69 7 British miles nearly, that is if the difierence 
of PLRfc P'SO be 1^, the distance LS2r69l miles, 
a^d therefore 360^ or the circumference pf the earth 
=: 25000 miles nearly* Hence the diameter, which 
i§ somewhat less than \ of the circumference = 8000 
ipiles nearly. A vast magnitude when mieasured by 
our ideas,, but almost pothing when compared with 
other bodies^ the existence pf which, in the universe, 
we are enabled to ascertain. 

55. It cannot now be determined how long the 
knowledge of the spherical ^gure of the earth has 
eslsted^ but just ideas of it were early entertained. 
Above 2000 years ago it was commonly known 
among astronomers. Indeed it must have been dis- 
covered in the very infancy of astronomy. It plainly 

« The method of measuring a d^pree is afWrwards explained in tlie 
iqpplication of aatronomy to geography, by which it is found that the 
jearth is not exactly a sphere, its equatoreal diameter being about 2^ 
/acn^et loiter Huin the polar, according to the latest results. 
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appeared that the dtltpies of the mboA were occa- 
sioned by tfte lilt^i*v*ntk)n of the earth, and the tct- 
mfntKidil of the sfeaddW lAust soon have pointed out 
tb thehi the fe^ttl of the earth. The measure giv6h 
b^ Aristotle is the 'earliest upon record, who reports 
it froth ihore afacient authors. Eratosthenes, who 
observed at Alexandria, and died 194 B. C« made use 
of a method for measuring the e^th susceptible of 
great accuracy. The result of his measurement 
has come down to us ; but from the uncertainty 
of the length of the stadium used, it has been sup- 
posed that we are unable now to appreciate the 
accuracy of the ancient ineasureihenfs. Although 
the spherical figtrre eif the earth was universally 
acknowledgied among the astronomers^ yet th^ ekist- 
el^ of SfttifK^^ ^Ai l§hg denied. 

3^. That diamet^^o^ thte ear^h jiarall^i ttt' the 
iiha^n*^ ddi^id a^is, k called the axis of the 
darlh, arid this h profierljr s6 (dftlled, belc^use, as 
v^ill b^ isheWri, the earth actually turns upon this 
axis, thereby causing the apparent diurnal motion 
of the concave surface. 

'the great circle of the earth perpendicular to its 
axis, is called the terrestrial equator. Circles are 
also conceived to be (drawn on the earth, correspond- 
ing to the imaginary circles in the heavens.' The 
secondary of the terrestrial equator passing through 
any place, is called the terrestrial meridian of that 
place. The arc of the meridian intercepted betwem 
the place and th^ equator, is dilfed the latitude 6f 
thie place, and the arc of the elquator intercepted be- 
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tween the meridian of any place and sorhe one given 
meridian, is called the longitude of that place, and 
is reckoned 180^ to the eastward or westward. 

37. The British reckon their longitudes from thp 
Observatory of Greenwich ; the French from Pans» 
&c When the Canary Islands werp the most we^ 
t^rly lands known, the longitude was re^oned froxa 
tji^ fneridian of Fprro, pne of those isl$uid$. Tb^ 
use of the latitude find longitude in fi^ppg the pqs\r. 
tjon pf place oft tl?^ sur/ace x>f tfee §§^1^9 was &ri( 
in^odpcecl by Hipp^rchus. 

It m^y be remarked here that the prepress in as- 
tronomy was from the celestial circles to temestrial, 
a^d niot th^ CQptrary. 

38. By passing to the southward of the terrestrial 
equator, we are enabled to behold the part of the 
celestial iq)here near the south pole, which is inviei* 
hie to us the inhabitants of the northern hemisphere. 
The stars near the south pole have been divided into 
coBstellations. Dr. Halley and De La'Caille went 
to the Cape of Good Hope, for the express purpose 
of observing the southern hemisphere. 

AQ. The knowte^ge of the «plierical figure qf the 
earth enables us readily to determine the position 
of the circles of the sphere, with respect to the hori- 
zon of any place, the latitude of which is known. 
For, 

The altitude of the celestial pole at any place^ 
is eqtml to the latitude of that jilace. 

I-iCt SELNQ; and HO be sections of the earth, and 
hqrizoq in the plane of the n^eridian of the place L. 
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LP the direction of the celestial pole, paraf^ 

Pig. h. lei to the axis SN. The z. PLC = z. SCL, 

and therefore taking from each a right angle^ 

Z. PLO 5= z. ECL = the latitude of the place L. 

Art S6. 

40. Hence it will be easy to understand the changed 
of seasons over the whole earth. But it is necessary 
to premise that all observers, who observe the sun a£ 
the same instant,- refer it neariy to the same place 
in the celestial sphere. It will be shewn hereafter' 
that the greatest diflference of place is 1 7", and there- 
fore we may consider the sun as appearing to de^ 
scribe the same great circle to all the inhabitants of 
the earth. 

41.' In all places having north latitude, (he porr^ 
tions of the northern parallels of declination above 
the horizon will be greater than those below the 
horizon^ and consequently when the sun is on the 
northern side of the celestial equator, the days will 
be longer than the nights ; the portions of the south- 
em circles of declination above the horizon will be 
less than those below it, and therefore when the sun 
is on the southern side of the celestial equator^ 
the days will be less than the nigbtis. The contra- 
ry will take place in southern latitudesir 

For all places, except at the equator and poles^ 
the sphere (reference being had to the position of 
the piarallels of declination, with respect to the hori-« 
zon) is called an oblique sphere. 

42. At the equator the celestial poles are in the ho- 
rizon, and hence the cele&tial equator and parallels of 
declination are all perpendicular to thef horizon, and 
are bisected by it, and therefore at the equator all 
the heavenly bodies appear and disappear during 
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equal times. This position of the sphere is called a 
right sphere. 

43. At the terrestrial poles, the celestial poles ap- 
pear in the zenith, and the celestial equator coincides 
with the horizon ; the parallels of declination are pa- 
rallels to the horizon. At the north pole the southern 
parallels of declination are invisible, therefore the 
sun is there invisible during six months. This po- 
sition of the sphere is called a parallel sphere. 

The circumstances mentioned in the three last 
articles follow from Art. 39. Fig. 6. will illustrate what 
has been said of an oblique sphere; Fig. ?» of a 
right sphere; and Fig. 8, of a parallel sphere. In 
these figures S and N represent the poles, EQ the 
equator, HO the horizon, and Dd parallels of de- 
clination. The sphere is supposed to be viewed at 
right angles to the plane of the meridian, that is, all 
points to be transferred perpendicularly into the 
plane of the meridian. 

44. At places having 66i° north latitude, the 
northern parallel of declination, which is 23i° from 
the equator, will just touch the horizon ; hence as 
the sun is in this parallel at the summer solstice, the 
inhabitants of these places that have 66i ° north lat. 
will then observe the sun during 24 hours. The 
same takes place at the winte;r solscice for places hav- 
ing 66i^ southern lat. 

45. The ancients divided the globe into five prin- 
cipal zones. The zone extending 23i** on each side 
of the equator is called the torrid zone. The sun is 
always vertical to some" place in this zone. The 
two zones between lat. 23i° and 66i° are called the 
temperate zones ; the two zones about the poles are 
called the frigid zones. The parallel of latitude 
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bounding the northern, frigid zone is called the arctic 
circle^ and that bounding the southern, ihc antarctic. 

The parallel separating the torrid zppe and north- 
ern temperate zone, is called the northern tropical 
circle: tbp sun, when in the beginning of Cancer, 
is vertical to this circle. . The parallel separating the 
southern temperate zone from the torrid zone, is 
called the southern tropic. 

The ancients also divided the globe into zones, the 
middle of each zone differing half ^ ^our in the 
length of their longest day. From the small extent 
of their knowledge of the siurf^ce of the earth, they 
imagined places in the same zoqe^ which they called 
climate, differed li^le in temperature. If so, m^y 
parts of Siberia ought to be pf the same temperature 
as Ireland: hence the propriety pf disusing the divi- 
sion of the globe into climates. 
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CHAP. IV. 



On Reaction ar^d Tmligkt. 



46. AS connected with the earth, we may here 
consider its atmosphere, and how it aflects the appa- 
rent places of the heavenly bodies. We know, from 
the science of pneumatics, that the air surrounding 
the earth is an elastic fluid, the density of which is 
nearly proportional to the ccMnpressing force, or the 
weight of the incumbent air. Whence it follows that 
the density conHnualh/ decreases, and at a lew miles 
high becomes very small. Now a ray of h'ght pass- 
ing out of a rarer medium into a denser, is always 
bent out of its course toward the perpendicular to 
the surface, on which the ray is incident. It follows 
therefore that a ray of light must be continual^ bent 
in it9 course through the atmosphere, and describe 
a curve, the tangent to which curve, at the surface of 
the earth, is the direction in which the celestial ob- 
ject appe^s. C^cquently tl^^ apparent a)titu<le if 
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47. The refraction or deviation is greater, the 
greater the angle of incidence, and therefore greatest 
when the object is in the horizon, The horizontal 
refraction is about S2\ At 45* altitude, in its mean 

4 

quantity it is 57t"» 

48. The refraction is affected by the variation of 
the quantity or weight of the superincumbent at- 
mosphere at a given place^ and also by its tempera- 
ture. In computing the quantity of refraction, the 
height of the barometer and thermometer must be 
noted. The quantity of refraction at the same zenith 
distance varies nearly as the height of the barometer, 
the temperature remaining constant. The effect of 
a variation of temperature is to diminish the quantity 
of refraction about ^l^ part for every increase of one 
degree in the height of the thermometer. There- 
fore, in all accurate observations of altitude or zenith 
distance, the height of the barometer and thermome- 
ter must be attended to.* 

49. The refraction may be found by observing 
the greatest and least altitude of a circumpolar star. 
The sum of these altitudes diminished by the sum of 
the refractions corresponding to each altitude, is equal 
to twice the altitude of the pole : from whence, if the 
altitude of the pole be otherwise known, the sum of 
the refractions will be had ; and from the law of va- 
riation of refraction, known by theory, the proper re- 
fraction to each altitude may be asisigned. 

^*- 

* Theory 6hews that, whatever be &e law of change of density; thtf 
variation of refraction is as the tangent of the xenith distance, between 
the zenith and about 74^ zenith distance. At greater zenith distances 
we cannot apply theory to obtain the variation of refraction, because 
there the variation of the density of the air at different heiighfs will sensi* 
bly affect the quantity of refiractioii» and the law of this variatioii is nn* 
known* 
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50. Otherwise, when the height of the pole is not 
known, the ingenious method of Dr. Bradley may be 
followed, who observed the zenith distances of the 
sun at its greatest declinations, and the zenith dis- 
tances of the pole star above and below the polew 
The sum of these four quantities must be 180^, dimi- 
nished bj the sum of the four refractions ; hence he 
obtained the sum of the four refractions, and then bj 
theory apportioned the proper quantity of refraction 
to each zenith distance. In this manner he con- 
structed his table of refractions.* 

51. The ancients made no allowance for refrac^ 
tion, although it was in sdrde measure known to 
Ptolemy, who lived in the second century. He re- 
marks a difference in the times of rising and setting 
of the stars in di£Perent states of the atmosphci e.-*** 
This however only shews that he was acquainted 
with the variatioti of refraction, and not witii the 
quantity of refraction itself. Alhazen, a Saracen 
astronomer of Spain, in the 9th century, first ob^ 
served the different e£Pects of refraction on the 
height of the same star above and below the pole.— 
Tycho Brahe, in the 16th century, first constructed 
a table of refractions. This was a very imperfect 
one. 

52. As the atmosphere refract*? h'ght, it also 
reflects it, which is the cause of a considernble 
portion of the day-light we enjoy. After sun-set also 



• The inyestiga^on of the law of Tariation of refraction from 
theory, is miidi too difficult to find a place in an elementary book—. 
Reference may be had to Simpson^s Matbeniatical Dissertations } 
Vince's Astronomy, Chap. 7. p. 76 ; Laplace's Mecaniqne celesM^ 
Tom. lY. p. 267, &c Trans. E. Irish Academy, vol. 12. 
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the atiQQ^pbere reflepls tp us the ligh^ of the a\in, an& 
pjfevents us frofn l^eiag plunged into instant (darknesff 
ii|iPB the first ^bsen^^ pf the sun. Repeated ohsef- 
y^^ions shew that we enjoy some twilight, till this 
$qn has d^cend^ 18^ belpw thie horizon. From 
^bepce it has beea atte^ipted to ppmpute the height 
pf th^ atmosphere; pap^M^ of rejecting rays of the 
|pn suffipi^pt to r^ph us; but tjipre is ipi|c|^ ^ucer- 
tfi^ty in the matter. If the ray^ come to us after 
Q:^e reflection, they are reflected fron^ a height q( 
about 40 miles: if after two, or threp, or fpy^, tbp 
heights will be i2, 5, and 3 miles. The cofqput^tion 
requires the assistance of the theory of terrestrial rp- 
fracti9ns. (See Prpfesspy Vipcp'§ Astronopiy^ s^t. 
206.) 

S3, The juration of twiligbf depends vpon ^ 
J§,titudp pf the place ^^d dPcliaatioQ of the ^pp* 
.^he sun's depression bping 18^ at the end pf twi- 
Ijght, we have the three sides pf a i^pherjcal tximg}^ 
given to find an angle, vj?. the pim'« ziepitb distail«iP 
(108^), the polar distance, ^nd the i^mplemeot pf 
latitude, to find the hour angle frp»i nppPt At 
pnd pear the equator, the twilight i? ftlways aboitj 
^he parallels pf decjjnatiop bisipg ne^ly at right 
angles to the horizon. At the poles the twilight ]$^ 
fof several months, at the nprth polf from 22d 
September to 12th November, apd fVopi 25th Jiipt^r 
^ry to 20th March, When ^hp differepce bptwpei^ 
the declination and complement of latitude of the 
same name is less than 189, the twilight lasts all 
night. 

54(* l^efraetion is the c#Mse of thp pyal %PfP(| 
lihich the sun and moon exhibit^ when near the 
horizon. The upper limb h less refracted than the 
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lower, by nearly five minutes, or. j of the whole 
diameter, while the diameter parallel to the horizon 
remains the same. The rays, from objects in the 
horizon pass through a greater space of a denser 
atmosphere than those in the zenith, hence they 
must appear ^ss bright. According to Bougier, 
who made many experiments on light, they are ISOO 
times fainter, whence it is not surprising that we can 
look upon the sun in the horizon without injuring 
the sight. 

55, Another striking phenomenon respecting the 
siin and moon in the horizon, must not be entirely 
passed over, although rather belonging to the 
science of optics, viz. their great apparent magni- 
tudes. The cause of this undoubtedly is the wrong 
judgment we form of their distances then, compared 
with their distances when their altitudes., are 
greater. In estimating their distances when in th^: 
horizon, we are led to judge them greater than wheu*, 
considerably elevated, because of the variety of 
intervening objects which furnish ideas. The apparent 
diameters being nearly the same in both cases, we 
are apt to judge that object largest, the distance, of 
which we conceive greatest. This explanation is a 
very old one, being given by Alhazen in the 9th cen- 
tury. Itoger Bacon, Kepler, Des Cartes, and others 
also were o{ ihe same opinion. 



46 ELEMENTS OF ASTRONOMT, 



CHAP. V. 



Mtcrometers-^IHameters and distances of the sutif 
moonj and planets — Spcts on the sun and planets 
"^Rotation of the sun and planets^^Magnitudef 
of the sun, moon, and planets^ 



56. HAVING attained to the knowledge of the 
magnitude and figure of the earth, we are enabled 
to extend our enquiries to the magnitudes and dis- 
tttiice8of the sun, moon, and planets. The present 
improved state of astronomical instruments furnishes 
means of making observations, by which we can ob- 
tun, with considerable precision, the magnitudes of 
ihe sun^ moon, and planets^ and ascertain the vast- 
nesi of the distances of some of them, relatively to 
the diameter of the earth. We can ascertain the 
angle two remote places on the surface of the earth 
subtend to a spectator at the sun, moon, or planets^ 
and from. thence deduce the angle the disc of the 
earth, when seen from any of these bodies, subtends. 
This angle can be obtained with th^ same accuracy as 
we .can measure the apparent diameter of the disc of 
A planet. The method requires not the assistance of 
jany theory of the arrangement of the celestial bodies, 
And therefore enables us to use the magnificent truths 
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it furnishes, in establishing the true planetary system. 
The filled stars appear, as was observed, precisely in 
the same position with respect to each other, in what- 
ever part of the earth we are ; but the planets vary 
their position with respect to the neighbouring fixed 
stars, the angular distance of a planet from a neigh- 
bouring fixed star appearing greater in one place 
than in another. It is from the difference of these 
angular distances that we obtain the angle which 
we should see the two places subtend, could we re- 
move ourselves to the planet to make the observa- 
tion. 

57. Let us proceed to consider this method more 
particularly, but first it may be proper to make a 
few remarks respecting the method of measuring 
sniall angles on the concave surface, and on the pre- 
x^ision with which they can be measured. 

Thediametersof the sun, moon, and planets, that 
is, the angles they subtend, can be measured with 
much accuracy, by measuring the diameters of their 
images, formed by the object glass of the telescope. 
The image is measured by means of two parallel 
wires placed in the focus of the object glass. One 
of these wires is capable of being moved paraUel to 
itself^ so that the wires may be readily opened to 
louch the opposite sides of the image of a planet's 
disc, and the interval of the wires furnishes at once 
the apparent diameter of the planet, the scale being 
previously settled by ascertaining the opening of 
the wires corresponding to a given angle. This is 
^ne of the simplest kjnds of micrometers in its sim- 
plest state; there are others which it is unnecessary 
io mention heire. The above is sufficient to give an 
idea of the method of measuring small angles. Small 
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angles can be measured with ixidch more accuracy 
than lai^^ angles. In measuring large angles the 
ilbMe telescope is mOTeable. In micrometer mea- 
sires, onfy th^ small apparatus 6f the wires is move- 
eH^^ which ctti be exebuted with mtich greater nice- 
ty and exactness tiiim the a^^gate parts ol a krge 
instrument. . The parts of the micrometer have much 
greater stainliity than the parts of an iiistrument for 
ibefisnriiig large angleis. Small angles may be ^ea^ 
asred^ by good instrunv^s, wkh certainty, to less 
than l\ The difibi^Ce of declinations of two stars, 
having nearly the same declination, is also readily 
measured by nibting the t^^cope, and turning the 
system of wires, so that one of the stars moves on the 
fiaxd wire, and thfen moving vibe other wire till the 
ether star moves aloikg it; This may be readily donse, 
even if the stars differ considerably in right ascen- 
skAi, butinre so near in declination, timt they are 
both sutcessivdy seen t» p6!s» throUgh the telescope 
while it remains fixed. 

If tln^ stdrs £f{t)r con«derab1y in right ascension, 
the quantity of refraction at each obi^rvadon may be 
ehahged, on account of the variation of the barome'. 
ter abd thermometer^ ahd must be allowed for i bUt 
when they iyife near together they dre both eqtisdly 
affected byrefractionj and iherefot*e no allowance ifc 
neeessaiy, \<rhich is a considemble adt^antage. 

Si8. To find tb^ angle two distant fi^ts^i in ihb 

lame terrestridl meridian,^ subtehd atapla^ret. Let 

H aibd S be two placee, P a ^net in the celestiis^l 

meridian of these pladsfe. HF and SF the 

Fig. 9. directions in which ^ satt«&^ fixed ^a^, afe6 

in th^ meridian at the silme time, Id ^n a% 
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the two places. The star made use of is supposed 
to be very nearly in the same parallel of declination 
as the planet, that is, not differing in declination 
more than a few minutes. Produce HP lo meet SF 
in B ; then because HF' and SF are parallel (Art 
3i.) z. HBS = z. BHF: therefore Z.HPS (= 
Z. HBS + A PSB) = /. FHP + A PSF = the 
sum of the apparent distances of the planet and star 
(the place to which the plaaet is vertical being sup- 
posed to be between the places of observation). 
These distances can be observed, as was said, with 
great accuracy, by means of a micrometer. We 
have thus the principal thing necessary to enable us 
to advance by a most important step, viz. to obtain 
the angle the disc of the earth subtends, as seen 
from a planet.* 

E 



* This angle is obtained in the following mannef : 

Draw the tangents PO and PO', and the Z. OPO' is the angle 
the ear&'s disc subtends at the planet Draw CHV and CSZ, C 

being the centre of the earth. Produce PH and PS to meet 
Fig, 10. OC and O'C in D and E, and join P,C. Now for the sun 

and iilanets &e angle HPS is very small, and eyen for the 
moon not considerable, and tli«refbre the distance PC is great, com- 
pared with OC. Hence we mmy consider OC, CD, C£ as propor- 
tional to the aoglea OPO CPH and CPS, and therefore Z. OPC : 
Z CPH + Z CPS = Z HPS : : OC : CD+ CE. :B;ut as the 
angles D and E are ¥erj neaify right angles. CD is the sine of the 
angle DHC = PHV, and CE is the sine of CSE = PSZ to 
rad. OC. Hence OC : CD -f- CE : : Rad. : sin Z VHP + 
sin Z BSZ and Z OPO'- — 2 Z OPC = 2 Z HPS X 

Rad 

rin Z VHP-f- sin Z PSZ 

Thus to obtain the angle OPO' it is necessary to know the angle9 
VHP and PSZ, or the zenith distances of the planet at the two i^aces. 
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59. The Cape of Good Hope is nearly in the same 
meridian with many places in Europe, having obser- 
vatories for astronomical purposes, and therefore a 
comparison of the observations made there, with 
those made in Europe, furnishes us with the means 
of practising this method. By a comparison of the 
observations of De La Caille made at the Cape of 
Good Hope with those made at Greenwich, Paris, 
Bologna, Stockholm, and Upsal, the angles the 
earth's disc subtends at Mars and at the Moon, have 
been obtained with very considerable precision. Com- 
parisons of observations will also furnish the same 
for the sun and other planets. But it will be seen 
hereafter, that knowing the angle the earth's disc sub- 
tends at any one planet, we can readily find it for the 
sun or any other planet. 

60. The method that has been described, yields 
only to one other method in point of accuracy j viz. 
to that furnished by the transit of Venus over the 
sun's disc, which will be particularized hereafter. 
The above is fully sufficient for the purposes for 



But it is not necessary that these angles should be observed with much 
precision, since it is easy to see that an error of even a few minutes, in 
the quantities of these angles, will make no sensible error in the quan- 

tity ^ ^ — ' 1-. The above is on the suppositions, 

' sin Z VHP + sin Z PSZ* 

1st, that the star and planet are on jOie meridian together : 2d, that 
the two places afe in the same terrestrial meridian. If the star and 
planet are not in the meridian together, yet their difference of declina- 
tions being observed, it is the same as if there had been a star on the 
meridian with the planet If the two places are not under the same 
meridian, an allowance must be made for the planet's motions in the 
interval between its passages over ^ the two meridians, and we obtain 
the diff^ence of declinations that would have been observed at two 
places under the same meridian. 
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^wliich it is given here ; which purposes are to enable 
us to compare the magnitudes of the sun and planets 
with that of the earth , and to shew the vast distances 
of some of them relatively to the diameter of the 
€artb« 



The diameter of the 
earthy when nearest < 
to and seen from 







seconds. 


"the Sun 


=: 


17 


Mercury 
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28 


Venus 
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62 


Mars 


^z 


42 


Ceres "^ 






Pallas / 
Juno r 


zr 


9 


Vesta J 






Jupiter 


=: 


4 


Saturn 


z= 


2 


the Georgium Sidus 1 


1 the Moon 


'*"" 


29 2' 



A planet therefore appearing to us as small as the 
earth appears to the inhabitants of Saturn and the 
Georgium Sidus, would not have been observed ex- 
cept by the assistance of the telescope. 

61. The Sun, Jupiter, Saturn, and Georgium 
Sidus always appear with discs nearly circular. 

The Moon, Mercury, Venus, and Mars exhibit 
variable discs; they however are always portions of 
circles. Their diameters may be measured with 
micrometers, and are found to be, when greatest, as 
follow : 
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The diameter of the 



"Sun 




1920 


Mercury 




11 


Venus 




57 


Mars 


— 


26 


Jupiter 


■ — 


40 


Saturn 




18 


Georgium 


Sidus 


4f 


Moon 


^ 


1920 



The new planets, according to the most careful 
trials of Dr. Herschel, appear to subtend only a small 
part of a second. 

6^. Hence we can compare the real diameters of 
these bodies with the diameter of the earth. For 

diameter of planet: diameter of earth :: angle pla- 
net subtends at the earth : angle earth subtends from 
planet. 

Whence calling the diameter of the earth unity 
or 8000 miles in round numbers, 
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miles. 


Sun 


— 


111 


— 


888000 nearly 


Mercury 
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0,4 
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3200 


Venus 
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0,9 
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7200 


Mars 


== 


0,8 




6400 


Jupiter 




11 


= 


88000 


Saturn 


= 


10 


— 


80000 


Georgium 


Sidus 


= 4 


= ■ 


32000 


Moon 




0*25 


B= 


2000 



The largest of the new planets is supposed by Dr. 
Herschel not to exceed 200 miles in diameter. 

63. The above method of obtaining the proportion 
of the diameter of a planet to that of the earth, admits 
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of being repeated at pleasure, not being aflTected by 
the variableness of the planet's distance, and there- 
fore a mean of many results being taken, great accu- 
racy can be attained to.* 

64. A spectator observing a planet not in his ze- 
nith, refers it to a place among the fixed stars, dif- 
ferent from that to which a spectator, at the centre of 
the earth, would refer it. The place seen from the 
centre of the earth is called its true place : the arc of 
the great circle intercepted between these imaginary 
points is called the diurnal parallax. 

65. The diurnal parallax is equal to the imgle 
subtended at the planet by the place of the spectator 
and centre of the earth. Fc^, to a spectator at H, ii 

fixed star in the direction HV is in liia 

Fig. 10. zenith, and the distance of the planet fram 

this star is = kl VHP, but at the centre the 



* Knowing the angle the earth*s disc subtends at the sun or a pla- 
net, we can ascertain the distance, because the angle in seconds sub- 
tended by the earth : 206 265 (the seconds in arc := radius) : : dm^ 
meter of the earth : distance of the planet from the earth. Bat ik 
small error in the angle subtended by the earth, will occasion a consi- 
derable error in the distance, and therefore this method of ascertaining 
the distance is not given, as affording much precision ; but if serves 
sufficiently for shewing the vast distances o^ the sun and planets from 
the earlfa, which is all that is necessary for our purpose here. If tiM 
angle subtended at the sun by the earth be 17", tiie sun*s distance from 

the earth r: ^^i^^ttt 12133 diameters of the earth = 96 millioiia 

1 7 

of HMln nearly. 

In like manner taking 4", 2", and l" for the angles subtended by 
the earth's disc at Jupiter, Saturn, and the Georgium Sidus, the dis- 
tances of these planets from the earth will be 51566^ 103132, 206265 
diameters of the earth respectively. In this manner the mean distancJfe 
of the moon from ike «Mtih is fbund to be about 60 setrndiameten of 

tlNl 
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distance is = /. VCP, and the difference of these 
is the angle HPC. The diurnal parallax is greatest 
when the planet appears in the horizon ; for the 
greatest angle that can be formed by two lines, one 
drawn from the planet to the centre of the earth, and 
the other to the surface, is when the latter is a tan- 
gent. The parallax of a planet, when in the hori- 
zon, is called the horizontal parallaar^ and is equal ta 
the angle the semi-diameter of the earth subtends at 
the planet. 

66. The diurnal parallax depresses an object ; a 
planet, at rising, appears to the eastward of its true 
place, and at setting, to the westward, whence the 
term diurnal parallax. By observing the distance of 
a planet, at rising and setting, from a neighbouring 
fixed star, the angle that the earth's disc subtends at 
the planet may be observed, and that by one obser- 
ver ; but this method .is not so convenient as the pre- 
ceding. Observations near the horizon are uncer- 
tain : and the planet's motion in the interval of the 
observations requires to be most accurately known. 
Several other circumstances also render this method 
inferior to the above. 

67. Having deduced the real magnitudes of the 
apparent circular discs, the next step is to shew that 
the sun and planets are spherical bodies. With re- 
spect to the sun we are assisted by the consideration 
of its spots. By the help of telescopes we often ob- 
serve, on the bright surface of the sun, dark spot» 
of various and irregular forms. These appear to 
move on the surface from east to west, and after ar- 
riving at the western edge disappear, and after a 
time again re-appear on the eastern edge. The 
times of appearance and disappearance are nearly 
equal, each being 13^ days nearly. These spots 
are not permanent, for having remained on the disc 
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a long time, preserving the same relative positions 
to other spots, they disappear. The deduction 
to be made from these circumstances is, that the 
spots are on the surface of the sun, for they cannot 
be bodies revolving about him, for then they would 
not appear on his surface, and disappear during equal 
times. The sun then must revolve on an axis 
carrying these spots v^rith him, or these spots must 
move on his surface with such a motion as will ac- 
count for the phenomena. The latter hypothesis is 
much more complicated than the former, for each 
spot separately must have ^uch a motion given to it, 
as will solve the phenomena of its appearance and 
disappearance. The spots are not permanent, but 
are observed to increase and decrease, and at last 
cease to exist; yet till their entire disappearance their 
apparent motions on the surface of the sun continue 
^ the same, which makes it still more improbable that 
the motion is in the spots themselves. 

68. Concluding then that the sun revolves on an 
axis, we immediately deduce that it is a spherical 
body, for no revolving body but a sphere will always 
appear, at a distance, a circular disc* The motions 
of the spots shew that the sun revolves on an axis 
inclined to the ecliptic at an angle of 82<^^, and that 
the time of revolution is 25^ 10^. The process of 
computation is too long* to insert here ; it is suffi- 
cient to observe that calculations from the motions of 
di£Perent spots give the same result, so that it can- 
not be doubted that the sun's rotation is the triie 
cause of the appearances we observe in the motions 
of the spots. 

69. Few spots have been observed farther from 

♦ Tide Vince*8 Astronomy, Vol. I. Art, 385, &c. 
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the solar equator than SO degr^s. Not very unfre- 
quently there are spots in the sun so large that they 
may be seen by the naked eye, when the sky is cover- 
ed with a thin haziness: A spot observed in April 
1779, by Dr. Herscdel, measured 1' 8" in diameter, 
and was therefore above 80000 miles in diameter, be- 
cause a spot of the same diameter as the earth would 
only subtend an angle of 17" (Art. 60.) 

70. Various theories have been formed to explain 
the solar spots. Astronomers generally agree that 
the sun is an opaque body covered by a luminous 
fluid, and that changes in this fluid occasion the ap- 
pearance of spots. Many disputes have taken place 
on this subject little worth attending to, as all the hy- 
potheses hitherto offered seem to rest upon slight 
foundations. 

71. As the spots 'are occasionally seen by the naked 
eye, it is readily conceived they may be easily seen 
by help of the most indifferent telescopes ; accord* 
ingly after the invention of that instrument they soon 
becaSne objects of much notice. The first discovery 
of them is contended for by Galileo, Scheiner, and 
Harriot. The latter observed them in Ekigland in De- 
cember 1610, which was about the same time when 
Galileo mentions that he had observed them. It was 
not long after they were first discovered, that the in- 
clination of the solar axis and time of i^evolution were 
ascertained. 

72. By the apparent motion of spots on the discs, 
as well as by other arguments to be mentioned here- 
after, we know that the planets Venus, Mars, Jupiter, 
and Saturn, are spherical bodies, each revolving on 
an axis. 
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Venas revolves in SS^'SO 

Mars in 24 40 

Jupiter in 9 52 

Saturn in 10 16 

Tlje iY)tation of Saturn was ascertained from observa- 
tion by Dr» Herschel. That of Venus by M. Schro- 
eter, a celebrated German astronomer. 

73. No appearances have been discovered in the 
other planets sufficient to determine • their rotation^ 
but it is highly probable from analogy that they re- 
volve on axes. But we have otherwise sufficient 
proof of their spherical form ; for if they were cir- 
cular discs or hemispheres, it is highly improbable 
that, their motions among the fixed stars being so 
irregular as seen froni the earth, they would always 
keep the same , face turned toward it ; for the mo- 
tions being observed to be sometimes direct, and 
sometimes retrograde, the planet, unless it be a sphe* 
rical body, mtrrt, to preserve the same circalar 
appearance) have contrary motions about the same 
axis* 

74k The rotation of the sun and planets are all in 
the same direction. 

75. The sun and planets being spherical bodies^ 
their magnitudes will be to that of the earth as the 
cubes of their diameters to the cube of the diameter 
of the earths whence calling the magnitude of the 
earth unity. 
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The magnitude of 



the Sun = 1367031 

Mercury = ,^3 

Venus = ^ 

Mars = 



2 



Jupiter = 1281 

Saturn = 995 

the Georgium Sidus=80 

.the Moon = ^^ 

76. Having acquired a knowledge of the vast dis- 
tances of the sun and planets, and of their iii-^gni- 
tudesy we are led to consider whether the diurnal 
motion we observe in these bodies be a real or only 
an apparent motion. 

The ancients had such very inadequate notions 
of the magnitudes and distances of the sun and pla- 
nets, that the earth was considered, by them, a body 
of as much importance as any other in the universe. 
Pythagoras, as may be collected from Pliny, consi- 
dered the sun only three times more distant than the 
moon, and the moon 13 times less distant than it is ; 
hence according to him the sun was distant only by 
seven diameters of the earth instead df 12000, and so 
the diameter of the sun would be only ^'^ of the dia- 
meter of the earth. Aristarchus, in the third centu- 
ry before Christ, investigated the distance of the sun, 
and found it to be only 1200 diameters of the earth. 
Kepler, about two centuries ago, considered it nearly 
five times less distant than it is. 
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CHAP. VI. 



The rotation of the earth — Motion of the earth ahotd 
the sun — Great distances of the ^ed stars — Pre^ 
cession of the equinoxes. 

77. REAL and apparent motions are not at first 
readily distinguished from each other. The motions 
of a person in a ship, carriage, &c. daily aflford in- 
stances that vision alone is not sufficient to distin- 
guish between true and apparent motion. Either 
experience or judgment is necessary to distinguish 
between them. That the heavenly bodies really 
move, and, by so doing, cause the apparent diurnal 
motion, we can have no experience, nor .can we 
readily perceive the motion of our eanh, as we, in 
that respect, are in the same circumstances as a 
person in the cabin of a ship in motion. We could 
not easily understand whether the whole motion 
was in the ship, or in a bird, the only external object 
flying at a distance. But examining the reasons tor 
ei&ch, we distinguish which motion is most probable, 
that of the earth round its axis or of all the celestial 
bodies in the space of 23** 56'. Either the celestial 
bodies revolve in the space of 23** 56' in great ' or 
small parallel circles, according to their apparent 
distance from the celestial poles, or the cause of 
that apparent diurnal motion is a real motion of the 
earth about an axis in a direction from west to east. 



\' 
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That the latter supposition will explain the diurnal 
phenomena is so evident* that it is hardly necessary 
to dwell upon it. By the rotation of the earth 
about an axis, the horizon of each spectator has a 
motion, and will revolve in the celestial sphere in- 
stead of the sphere with its circles, so that the parts 
of the celestial sphere will be successively uncover- 
ed and become visible, as they would do by a motion 
of the imaginary sphei*e itself, carrying the bodies 
situate in it. 

78, The only argument against this motion is, 
that the spectator appears at rest and the ceT^tial 
bodies appear to move. But as experience every 
day points out to us motions only apparent, nothing 
can be concluded from the apparent rest of the 
spectator. The ayguments from analogy in favour 
rf the rotation of the earth are very strong. The 
Sun, Venus, Mars, Jupiter, and Saturn^ all spheri- 
cal bodies like the earth, (of which, three are vastly 
greater than the earth) revolve about their axes. 

79. Also against the diurnal motions of the celes- 
tial bodies about the earth, are the vast distances 
and magnitudes of the sun and planets. The im- 
mense motions to be given to each of these bodies at 
different and variable distances from the earth, and 
apparently unconnected with each . other and with 
the earth, to produce their apparent diurnal motions, 
would require a very complicated celestial' mecha- 
nism. To suppose the sun above a million times 
larger than the earth, to revolve about the earth 
in 24 hours, instead of the earth revolving about an 
axis in that time, is contrary to that rule of philo- 
sophy by which effects are deduced from the simplest 
causes. 
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80« Also we kaow ^hat when a body moves in the 
circumference of a circle, there is requisite a force 
tending to the centre to keep it continually in that 
circle. Now we can assign , no force acting upon 
ti)e sun and planets, to make them describe the 
diurnal circles. No bodies ase situate in the diffi^ 
rent centres of those circles, by the continual attrac- 
tion of which they might be continually impelled 
from the tangent to the circumference.* 

81. We conclude then that the diurnal motions of 
the celestial bodies are only apparent, and that these 
appearances are produced by the motion of the 
earth about an axis parallel to the apparent celestial 
axis ; although every appearance may be explained 
by supposing the eye in the centre of a revolving 
sphere, in the concave sur&ce of which the heaveiH 
ly bodies are situate. 



* Although the arguments for llie rotation of the earth' tare m 
satisfactory, ^at no doubt ^vhatever can remain ; yet it iB interte s t in y 
to consider wke&er lihe matter cannot be subjected to a dkesM axfari* 
ment. It will readily appear that a bodj lot fall firom a 
Fig. 1 1. considerable height will, if the earth revolves from west to easl^ 
fall to the eastward of the vertical line. Let C be the centn 
of the earth, T the place frdm which the body is let fall, TB the 
vertical Une in direction of the centre. When that body i^adies tfa» 
earth let tb be the position of the vertical line, in conaequeoce of tiui 
earth's motion. Take BfizTt and f will be the place of the body ; 
because the body, leaving the top of the vertical with a motion eqaid 
to the motion of the top, is, at the end of its fall, as far from the first 
position of the vertical as the top ot the vertical itself is from its first 
position. But Bb is less than Tt and therefore than Bf, in the propor* 
tion of CB to CT, consequently f is to the eastward of b. This is on 
the supposition that the pJace is at the equator, and it may suffice 
for an illustration. An accurate investigation cannot conveniently 
be inserted here, but may be found in Simpson's Mathematical -Dis- 
sertations, and Laplace's Mecanique celeste, Tom. iv. On account 



62 ELEMENTS OF ASTRONOMY. 

82. The rotation of the earth has been established 
beyond ail controversy, since the time of Galileo, 
but the notion is a very old one ; it is expressly men- 
tioned by Cicero as the opinion of Nicetas, >vho 
lived about 400 years before the commencement of 
our 8Bra. The words of Cicero are, " Nicetas Syra- 
^^ cusius, ut ait Theophrastus, coelum, solem, lunam, 
** Stellas, supra denique omnia stare censet, neque 
** praeter terram rem ullam in mundo moveri : quae 
'* cum circum axem se summa celeritate convertat 
** et torqueat, eadem effici omnia, qua?, si stante 
" terra caelum moveretur," Acad. Quaest. Lib. 2. 

83. The apparent annual motion of the sun is 
explained, by supposing that either the sun moves 
round the earth or the earth round the sun, in a 
path or orbit nearly circular. For the sun, as has 
been stated, appears in the course of a year to de- 
scribe, on the concave surface of the heavens, a 
great circle called the ecliptic. Observation shews 
that its apparent diameter does not vai'y much, its 
greatest being = 32' SV and least 31' 29", conse- 
quently the variation of distance compared with the 
whole distance is but small. Observations likewise 
shew that its apparent motion in the ecliptic or 
change of longitude is not equable, yet its difference 
from equable motion is not great. The motion for 

of the small height BT at which we can make the experiment, bf must 
be very small, and the utmost nicety is required : in this age, however, 
of accurate experiment, it has been attempted and it is said with success. 
It has been tried at Bologna from the height of 257 English feet, also 
at Vivicrs and at Hamburgh ; at Hamburgh the height was 250 feet, 
and the deviation found to be 0,55 inches to the east, and 0,15 inches 
to the south. Computation, not taking into the account the air*s resist-^ 
ancc, gives 0,34 inches to the east, and no perceptible deviation to 
the south. 
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any given interval of time, if it moved equably* 
is found by dividing its whole motion in a year by 
the number of given intervals in a year. Thus it 
moves 360® in about 365 days, therefore in an hour 
the motion is 2' 28" nearly. This is called the mean 
motion in an* hour. Its greatest hourly motion is 
2' S3'' and its least 2' 23'. Whence the sun moves 
in an orbit nearly circular, and with a motion nearly^ 
equable, about the earth, or the earth moves in an 
orbit nearly circular, with a motion nearly equable^ 
about the sun. That the latter motion takes place is 
established by a variety of reasons. 

84. It will be proved that the planets move about 
the sun in orbits nearly circular, in different periodic 
times and at different distances, and that there is a 
certain relation between the periodic times and 
distances. Also that all the planets receive . their 
light from the sun, a body vastly greater than them 
all in magnitude, some of which are of much greater 
magnitude than the earth. Now considering the 
earth as a planet revolving round the sun, its dis- 
tance and periodic time obey the law of the rest of 
the planets : which circumstance i^ording such an 
harmony between the motions of all those bodies, 
receiving their light and apparently their heat, 
the source of animal and vegetable life, must at 
once persuade us to acknowledge th^ annual motion 
of the earth, rather than that of the sun: although 
all the principal phenomena of the planetary motions 
may be explained, by supposing* them to revolve in . 
orbits nearly circular round the sun, while the sun 
and planets are together carried with an annual mo- 
tion round the earth. 



64 ELEMENTS OF ASTRONOMY. 

85. Bat the most satisfactory proof is one that we 
cannot introduce with its full effect here, it requiring 
some preliminary principles of physical astronomy. 
This proof is from the knowledge of that universal 
attendant of matter, the principle of attraction or gra- 
vity. The sun, earth, and planets mutuaUy attract 
each other^ in proportion to their quantities of mat- 
ter or their masses. It follows, from the laws of mo- 
tion, that they must come together, or each of them 
revolve in orbits round a fixed point, the common 
centre of gravity of all the bodies* Now we shall see 
hereafter that the mass of the sun, as well, as its mag- 
nitude, is vastly greater than all the planets together, 
so much greater, that the common centre of gravity 
lies within the body of the sun; and the sun, in fact, 
will move about this point, but in a path so small, 
compared with the orbits of the planets, that it 
may be said to be at rest, aud the planets said to re- 
volve about the sun, they revolving about a point so 
near his centre. 

Another argument, derived from the velocity of 
light, will be mentioned hereafter. 

86. But it is necessary to sfaew^ bow this annual 
motion wiU explain the changes of the seasons, or 
rather how the anmiai motion of the earth will ex- 
fisdn the apparent motion of the sun in a great 
circle inclined to the equator ; for from this, as we 
have seen, are explained the changes of seasons. 

The annual motion of the earth in an orbit, the 
plane of which passes through the sun, is indepen- 
dent on its motion round the axis. That a globe may 
have two motions independent on each other, one a 
progressive motion equally afiecting each particle, 
and the other a rotatory motion about an axis, is 
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easily shewn from mechanical principles. As the 
progressive motion affects each particle equally^ it 
cannot affect the rotation of the globe about its axis, 
and therefore this axis will, while the globe has a 
progressive motion, remain parallel to itself. Sup- 
posing then the earth to have two such motions, it 
is clear that the axis cannot be perpendicular to the 
plane of the progressive motion, for otherwise the 
sun would always appear in the celestial equator. 
But if the polar axis be inclined to the plane of the 
earth's orbit constantly by an angle of 66^ 32', a 
spectator any where on the earth will see the sun, in 
the course of a year, apparently describe a great 
circle on the surface of the celestial sphere, inclined 
to the equator by an angle of 23* 28'. For the plane 
of the orbit constantly making the same angle with 
the terrestrial equator, it will intersect the surface 
in a great circle, inclined to the equator at an angle 
of 23^ 28 , and therefore an eye at th^ centre of the 
earth will refer the place of the sun alway^ seen in 
the plane of the orbit, to a great circle in the celes- 
tial sphere^ which circle it will evidently appear to 
describe in the course of a year to an eye at the 
centre. But it was before shewn, that, from the vast 
distance of the sun compared with the diameter of 
the earth, all spectators refer the sun nearly to the 
same place on the concave surface ; whence we con* 
elude, that by the motion of the earth about the sun 
in an orbit, to which the equator is inclined at a con- 
stant angle of 23^ 28', the sun, seen from any part of 
the earth, will appear to describe, in the space of a 
year, the great circle called the ecliptic. 

S7- The effects also of this inclination and paral- 
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lelism of the axis, Jivill readily appear, by consider- 
ing that a hemisphere (or rather somewhat more) of 
the earthy the base of which is perpendicular to the 
line joining the centre* of the sun and earth, is il- 
luminated by the sun. The positions of the poles 
and parallels of latitude with respect to this hemis- 
phere, will easily shew the variation of the length of 
days and of seasons. 

Let HVTP represent the path or orbit 
of the earth about the sun S; let also AB Fig. 12. 1. 
represent the axis of the earth, B being 
the north and A the south pole. Conceive this axis 
in a plane, at right angles to the orbit, and that 
this plane always continues parallel to itself, while 
the centre of the earth moves about the sun, the axis 
will then, it is evident, also move parallel to itself. 
Let AHB be the position of the axis when this plane 
passes through the sun, and the angle SHB r=: 90® + 
25° 28'. When the centre H has moved a right an- 
gle about the sun to V, this imaginary plane being pa- 
rallel to its former position, SV must be at right angles 
to it, that is, to every line in it, therefore SVB = a 
right angle. When the centre comes to T in SH 
produced, the plane again passes through the sun, 
and because TB and HB are parallel, STB = 90*^ 
— 23^ 28', and is then least. When it comes to P 
opposite to V, again SPB is a right angle. H will 
represent the place of the earth at the winter solstice, 
V at the vernal equinox, T at the summer solstice, 
and P at the autumnal equinox. For, Fig, 12. 2. will 
represent the earth at H with its enlightened and 
dark hemispheres, seen at right angles, to the plane 
of the meridian passing through the sun. The angle 
SHB is greater than in any other position, and the 
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' north pole B will be in the dark hemisphere farthest 
removed from the circle of light and darkness. The 
parallel of lat, lain is the arctic circle, and will just 
touch the ^circle of light and darkness. All places 
on the north side of the equator, will have a greater 
portion of their parallels of latitude in the dark than 
in the enlightened hemisphere, and therefore the 
days will be shorter than the nights. The equa- 
tor is equally divided, and the parallels on the 
southern side have a greater portion in the en- 
lightened than in the dark hemisphere, rs will be 
the parallel to which the sun is vertical, and will re- 
present the southern tropical circle, because rH^ 
= LHB = 23^ 28'. 

V will be the place of the earth at the vernal equi- 
nox; for. Fig. 12. 3. will represent the earth at V 
with its enlightened and dark hemispheres, viewed 
at right angles to the plane of the meridian passing 
through the sun. The circle of light and darkness 
will pass through the poles and equally divide the 
parallels of latitude ; therefore all places will have 
equal day and night, and the sun will be vertical to 
the equator. 

T will be the place of the earth at the summer 
solstice i for. Fig. 12. 4. will represent the earth at T, 
with its enlightened and dark hemispheres viewed as 
before, and the same may be remarked with respect 
to the northern and southern hemispheres, as was 
observed with respect to the southern and northern 
when the earth was at H. Fig. 12. 3. may also re* 

f2 

* The circle called the circle of light and darkness, is the drd^ 
which is the boundary, between the dark and enlightened benu^h^re& 
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present the earth when at P, with its enlightened and 
dark hemispheres. 

88. An objection to the motion of the earth must 
be considered here, which at first sight may appear 
to have some weight. No change is observed in the 
relative position of the fixed stars, in consequence 
of that motion. The angular distances of the fixed 
stars, observed at different seasons of the year, al- 
ways remain the same, even when observed with the 
most exquisite instruments. But, supposing the 
motion of the earth in an orbit, nearly circular, round 
the sun, the observer in one situation is nearer some 
stars by 24000 diameters of the earth, (vid. note 
page 54) than in another, and consequently 
the angular distances of those stars ought to appear 
greater.* 

• Let TDE represent the orbit of the earth, T and £ the places 
of the earth at the aolstkes, when the aies Pp, P' p' of the earth are in 
aplane which paases through the sun, and is perpendicular to 
Fig. 15. the plane of the orbit. Let F be a fixed star in this perpen- 
dicular plane. "When the earth is at T the obserred distance 
of the star from the celestial pole is FTP, when at £ it is F£P^. Produce 
pP to meet F£ m R : then .^ F = -ilTRE — .^ FTR =: .^FEP'— 
^1 FTP. But these angles are constanly the same, not having any 
perceptible difference, and therefore the angle subtended by the diame» 
ter of the earth's orbit, at a star situate in the solstitial colure, is im- 
perceptible. Dr. Bradley took much pains to ascertain the angle F in 
the case of ^ Draconis, a star of the second magnitude, situate nearly 
in the plane above mentioned or in the solstitial colurt, about 15* 
from the pole of the ecliptic. This star passing the meridian near his 
senith, admitted of being observed by a zenith sector, an instrument 
particularly adapted for observing with great precision near the lenitfa, 
wliere also no error can occur from the uncertainty of refiraction. He 
found the angle F imperceptible by his observations. My own observa- 
tions, and those of Mr. Pond the present Astronomer Royal, agree also 
as to tbis star, in shewing that the angle F is imperceptible. Let us 



ELEMENTS OF ASTRONOMY. 69 

89. The distance of the fixed stars, proved by the 
motion of the earth, is indeed wonderful, yet there 
is nothing contrary to our reason or experience in 
admitting it. Why should we limit the bounds of 
the universe by the limits of our senses? We see 
enough in every department of nature to deter us 
from rejecting any hypothesis, merely because it 
extends our ideas of the creation and divine Creator* 

The best telescopes do not magnify the fixed stars» 
so as to submit their diameters to measurement, but 
it is well ascertained that the apparent diameter of 
the brightest of them is less than 1". Now being 
self shining bodies, and not subject, except in a few 



suppose the angle F z=: s!\ draw the perpendicular £K, then ^' I 
206265" (the seconds in an arch = radius) : : sin St" : rad. : : £K : 
F£. But EK : T£ : : sin ^ £TK : radius. For y Draconis the 
angle ETK = 75? nearly, hence £K = ,97T£ and therefore F£ 

= ?_£_L X ,97T£ =: 100000 TE nearly. If the earth therefore 
2 

move about the sun, the distance of y Draconis must be at least 200000 

times greater than the distance of the sun from the earth, or above two 

thousand million diameters of the earth.* 



« The greatest angle the diameter of the earth's orbit subtends at 
any fixed star, which is called the parallax of the star, has been, till 
lately, thought imperceptible. M. Piazzi, from his observations made 
at Palermo^ suspected a parallax of a few seconds in several stars. 
(Vid. Con. des temps, 1 808, p. 452.) Particular attention has been 
p«d by myself to this subject, and my observations made with the cir- 
cle, 8 feet in diameter, belonging to the observatory of Trinity College, 
Dublin, appeared to point out a parallax in several stars. 1 he agree- 
ment of results obtained by different sets of observations, seemed to 
leave no doubt on this head. However, observations made dseii^here 
do not confirm my results. An opportuni^ wiU offer further on of 
flgaiii mentioning this question. 
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instances, to any apparent alteration, we may con- 
elude them to be bodies of the nature of our sun. 
But that the diameter of the sun may appear less 
than a second, it must be removed 1 900 times far- 
ther from us than at present ; which is an argument 
in favour of the vast distance of the fixed stars. It 
must however be confessed, that this argument from 
analogy is much too weak to be in any degree de- 
cisive, and our positive knowledge of the immense 
distance of the fixed stars must depend upon the cer- 
tainty of our knowledge of the earth's motion, of 
which we have such evidence as must be con- 
sidered conclusive. 

90. Precession of the equinoxes. Although the 
place of the celestial pole among the fixed stars has 
been considered as not changed by die annual mo- 
tion of the earth, yet in a longer j:)eriod of time it 
is observed to be changed, and also the situation of 
the celestial equator; while the ecliptic retains the 
same situation among the fixed stars. Observation 
shews that this change of situation of the pole and 
equator is nearly regular. The pole of the celestial 
equator appears to move with a slow and nearly uni- 
form motion, in a lesser circle, round the pole of the 
ecliptic ; while the intersections of the equator and 
ecliptic move backward on the ecliptic^ with a motion 
nearly uniform. This motion is at the rate of about 
I*' in 72 years, or more accurately 50*^, 2 in a year; 
consequently the sun returns again to the same equi- 
noctial point before he has completed his revolution 
in the ecliptic : so that the equinoxes precede con- 
tinually the complete apparent revolution of the 
sun in the ecliptic j and hence the term precession 
of the equinoxes. In consequence of this apparent 
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motion all the fixed stars increase their longitudes 
by 50'^, 2 in a year, and also change their right as- 
censions and declinations. Their latitudes remain 
the same. The period of the revolution of the ce- 
lestial equinoctial pole about the pole of the ecliptic 
is nearly 26000 years. 

The north celestial pole therefore will be, iabout 
13000 years hence, nearly 49^ from the present po- 
lar star ; and about 10000 years hence, the briglit 
star «' Lyrae will be within 5^ of the north pole. 
This star therefore which now, in these latitudes, 
passes the meridian within a few degrees of the 
zenith, and twelve hours after is near the horizon, 
will then remain nearly stationary with respect to 
the horizon. All which will readily appear, from 
considering the celestial concave surface as re- 
presented by a common celestial globe. 

91. This motion of th« celestial pole originates 
from a real motion in the earth, whereby its axis, 
preserviiig the same inclination to its orbit, has a 
slow retrograde conical motion. The cause of this 
motion is shewn, by physical astronomj^, to arise 
from the attraction of the sun and moon on the ex- 
cess of matter at the equatoreal parts of the earth. 
By physical astronomy we are also enabled to ac- 
count for a small change in the plane of the ecliptic. 
Observations, separated by a long interval, point out 
that the obliquity of the ecliptic is diminishing at 
nearly the rateof half a second 'in a year, that is, the 
ecliptic appears approaching the equator by half a 
second in a year. Physical astronomy shews that this 
arises from a change in the plane of the earth's or- 
bit, occasioned by the action of the planets : that this 
change of obliquity will never exceed a certain 
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small limit : and that by this action of the planets, the 
ecliptic fs progressive on the equator 14' in a cen- 
tury.* 

The precession of the equinoxes is not entirely 
uniform, for a small inequality in the precession, and 
change in the obliquity of the equator to the ecliptic, 
depending on the position of the moon's nodes (the 
intersections of ils path and the ecliptic) were disco- 
vered by Dr. Bradley, and are confirmed by physical 
astronomy; The poles of the equator describe round 
their mean places a small ellipse, not differing much 
from a circle about 18^' in diameter, in 18 years«f 

92. The precession of the equinoxes was first dis* 
covered by Hipparchus. As the quantity (rf*it is so 
perceptible in a hundred years, a comparison of the 
position of the circles of the sphere as recorded in 
the earliest 8sra of astronomy, and of their position 
now, has been used to assist chronology. 

* Hence the annual precession arising from the spheroidical figure 
of the earth is 50^', 19•4-0'^ 14=50", 53 annually. 

f There is also a solar inequality of precession, depending on the 
place of the sun in the ecliptic ; this is never greater dian 1", I. 
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CHAP. vn. 



On the motions of the primary planeis^^The solar or 
Copemican system — The Ptolemaic syitefn. 

9S. HAVING stated some of the principal align- 
ments for the motion of the earth, in an orbit near- 
ly circular about the sun, let us now considw the 
planets in general. Astronomy has added much in- 
deed to our knowledge of the creation, by enabling 
us to ascertain that the planets are vast bodies, re- 
volving round the sun in orbits nearly circular, some 
at greater and others at less distances than the earth ; 
that some of these bodies are smaller and others much 
larger than the earth : and that, according to a high 
degree of probability, they are bodies of the same na- 
ture as that on which we live. 

94. The principal planets are always observed 
to be nearly in the ecliptic, the annual path iif the 
sun on the concave surface ; and for the present let 
us consider them as seen in the ecliptic. 

The most striking circumstance in the planetary 
motions is the apparent irregularity of those motions, 
the planets one while appearing to move in the same 
direction among the fixed stars as the sun and moon, 
at another in opposite directions, and sometimes ap- 
pearing nearly stationary. These irregularities are 
only apparent^ and arise froniN a combination of the 
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motion of the earth and motion of the planet ; the ob- 
server, not being conscious of his own motion, attri- 
buting the whole motion to the planet. 

95. The planets really move according to the order 
ofthe signs in orbits nearly circular, and with mo- 
lions nearly uniform, round the sun in the centre, at 
different distances, and in different periodic times. 
The periodic time is greater or less, according as the 
distance is greater or less. Upon the hypothesis 
that the planets thus move, we can ascertain, by help 
of observation, their distances from the sun, and 
tbenoe compute, for any time, the place of a planet, 
which is always found to agree nearly with obser-^ 
▼adon. 

96." First, for those planets which are limited in 
flieir elongation from the sun. The elongation of a 
planet from the sun is the angle subtended at the 
earth by the sun and planet. These planets are 
nearer the sun than the earth is, and therefore called 
inferior planets. The greatest elongation of the infe- 
rior planet Mercury from the sun is about 28*^, and 
the greatest elongation of Venus is about 47^. 

The interval of time between two successive infe- 
rior conjunctions with the sun can be observed. A 
planet is said to be in inferior conjunction, when it 
comes between the sun and the earth. In. superior 
conjunction, the sun is between the earth and planet. 
In inferior conjunction, the planet being nearest to 
the earth, appears largest, and may be observed with 
a good telescope, even a very short time before the 
conjunction. For our purpose here, it is not neces- 
$ai;y that the time pf conjunction should be observed 
with great accuracy. Let T represent the time be- 
tween two successive inferior conjunctions. Then, 
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to a spectator in the suDi in the time T, the inferior 
planet (moving with a greater angular velocity) will 
appear to have gained four right angles, or 360^ on 
the earth ; and the planet and earth being supposed 
to move with uniform velocities about the sun, the 
angle gained (the angle at sun between the earth 
and planet, reckoning according to the order of the 
signs) will increase uniformly, 

97. Let TEL represent the orbit of the earthy 
DNPGO that of an inferior planet, each being sup- 
posed circular, S the sun in the centre, and F the 
place of the planet when the earth is at £• 
Then in the triangle SEP we obtain the 
Fig. 14. angle SEF the elongation by observa- 
tion,* and the angle PSE by computa- 
tion, for it is the angle the planet has gained on the 
earth since the preceding inferior conjunction. 
Therefore, this angle PSE : 360^ : : time from infe- 
rior conjunction : T. The two angles SEP and PSE 
being known, the angle SPE is known, and hence 
SP relatively to SE ; for sin z. SPE : sin a SEP : : 
SE : SP. Having thus obtained the distance of the 
planet from the sijn, we can, at any time^ by help of 
the time T and the time of the preceding inferior 

* The ancients observed the places of the fixed stars and planets 
with respect to the sun, by the assistance of the moon or planet 
Venus. In the day time they very fiiequentiy could observe the ntua- 
tioto of the moon with respect to the sun. Venus also being occa- 
sionally visible to the naked eye in the day time, they used that 

1 

star for the same purpose. Now we can, owing to the convenience of 
our instruments, without the inservention of a third object, obtain the 
angular dptanee of a planet from the sun, by observing the declinations 
of each, and the difference of their right ascensions. By which we 
have, in the triangle formed by the distances of each from the pole of 
the equator and from each other, two sides and the included angle to 
find tilt third aide, the ai^olar dittaoce of the pUmetfrom the sun. 
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coDJunctioo, compute the angular distance of the 
planet from the earth, as seen from the sun, and 
thence, by help of the planet's and earth's distance 
from the sun, compute the planet's elongation from 
the sun. Thus the planet being at O, and the earth 
at E, we can compute the angle ESO ; and having the 
sides SE and SO we can, by trigonometry, compute 
the angle SEO the elongation of the planet from 
the sun. This being compared with the observed 
angles we always find them nearly agreeing, and 
thereby is shewn that the motions of the inferior 
planets. Mercury and Venus, are explained by 
those planets moving in orbits nearly circular about 
the sun in the centre. As the computed place always 
agrees with the observed place, it necessarily follows 
that the retrograde, stationary appearances, and di- 
rect motions, of these planets, are explained, by as- 
signing these circular motions to them. 

98. It is easy to demonstrate the retrograde and 
stationary appearances. 

To do this more clearly, it will be necessary to 
consider the efiect of the motion of the spectator 
arising from the motion of the earth, in changing 
the apparent place of a distant body. The specta- 
tor, not being conscious of his own motion, attri- 
butes the motion to the body, and conceives him* 
self at rest. Let S be the sun, ET the space de« 
scribed by the earth in a small portion of time, 
which therefore may be considered as rectilinear. 
The motion is from E toward T. Let V be a pla- 
net, supposed at rest, any where on the 
Fig. 15. same side of the line of the direction of the 
earth's motion as the sun's. Draw £P paral- 
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lel to TV, then while the earth moves through ET, 
the planet supposed at rest will appear to a specta-^ 
tor, unconscious of his own motion, to have moved 
by the angle VEP, which motion is dtreci, being the 
same way as the apparent motion of the sun. And 
because the earth appear;s at rest with respect to 
the fixed stars, the planet will appear to have moved 
forward among the fixed stars by the angle VEP= 
EVT=the motion of the earth, as seen firom the 
planet supposed at rest; Thus the planet being 
on the same side of the line of direction of the 
earth's motion as the sun, will appear, as &r as the 
earth's motion only is concerned, to move direct. 
Liet M be a planet any where on the opposite side 
of the line 6f direction, then the planet will appear 
to move retrograde by the angle MER. And there- 
fore, as fieir as the motion of the earth only is con- 
cerned, a planet, when the line of direction of the 
earth's motion is between the sun and planet, will ap- 
pear retrograde. 

99. To return to the apparent motion of the inferior 
planets. Let the earth be at E, and draw two tangents 

GE and ED. Then when the planet is at D 
Fig. 14. or 6, it is at its greatest elongation from 

the sun S. It is clear that the planet be^ 
ing in the inferior part of its orbit between D and 
G, relatively to the earth, and the earth being sup- 
posed at rest, the planet will appear to move from 
left to right, that is, retrograde : and in the upper 
part of the orbit from right to left, that is, direct. 
But the earth not being at rest, we are to consider 
the effect of its motion. In the case of an infe- 
rior planet, the planet and the sun are always 
on the same side of the line of direction of the 
earth's motion, and therefore the effect of the earth's 
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motion is always to give aa apparent direct mo- 
tion to the phneu (Art. 98.) Hence in the 
tipper part of the orbit between the greatest elonga- 
tions, the planet's motion wilt appear direct, both on 
account of the earth's motion and its own motion* 
In the inferior part of the orbit the planet's motion 
will only be direct, between the greatest elongation 
and the points where the retrograde motion from the 
planet's motion becomes eqaal to the direct motion 
from the earth's motion. At these points the planet 
iqapears stationary : and between these {Joints* through 
inferior conjunction, it appears retrograde. 

100. Next, for the superior planets, or those planets 
which are farther from the sun than the earth is. The 
interval of time between two succeeding oppositions 
of a superior planet to the sun can be observed. A 
superior planet is in opposition, when the earth is 
between the sun and planet. It is known when a 
superior planet is in opposition, by observing when 
it is in the part of the zodiac opposite to the place of 
the sun. Let T represent the time between two suc- 
c^sive oppositions, then viewing the planet from 
the sun, the earth will appear to have gained an en- 
tire rev)diution, or 360° on the planet, in the time 
T ^ andr the earth and planet being supposed to move 
with uniform angular velocities about the sun, tb# 
angle gained by the earth will increase uniformly. 

103. Let- TEL riepresent the orbit of the earth, 
CDOG that of a superior planet ; N the place of 
the planet when the earth is at £. Then, in the tri- 
angle SNE, we have the angle SEN by observation, 
and the angle NSE by computation. For NSE is 
Ae angle at the sun which the earth has gained on 
the planet since the preceding opposition. This an- 
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gle : 360® : : time since opposition : X- The two an* 
gles NSE and SEN being known, the aor 
Fig. 16. gle SNE is known, and therefore SN rela- 
tively to SE. For sin Z SNE : sin Z SEN 
: : SE : SN. Having thus obtained the distance 
of a superior planet from the sun, we can, at any time^ 
by help of the time T, and time of preceding oppos^ 
tion, compute the angular distance of the earth from 
the planet, as seen from the sun, and thence, by help 
of the earth's distance and planet's distance from th^ 
sun, we can compute the planet's elongation from the 
sun. Thus the planet being at R and the earth at 
E, we compute the angle RSE, and knowii^ the sides 
ES and SR, we can (by plane trig.) compute the aor 
gle RES, the elongation of the planet from the sun. 
This being compared with the observed angle, ive 
always find them nearly agreeing^ and thereby is 
shewn that the motions of the superior planets are 
explained, by those planets moving in orbits nearly 
circular about the sun. As the computed place near- 
ly agrees with the observed place, it necessarily fol- 
lows that the retrograde and direct motions, and the 
stations, of these planets are explained^ .by assigning 
to them these circular motions. 

102. And it is easy to demonstrate these appear^ 
ances. It is clear that the planet being in any part 
(rf* its orbit, and the earth being supposed at rest at 
any point E, the planet will appear to move from 
west to east, or direct. But the earth not being at 
rest, we are to consider the e&ct of its motion. 
The earth being at E, draw the tangent DEG, then 
if the planet is in the uppec part of the orbit DCG, 
it is on the same side of the line of direction of the 
earth's motion as the sun, and therefore the effect of 
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the earth's motion is to give an apparent' direct mo- 
tion to the planet. The earth being at E^ and the 
planet at D or G| the] planet is said to be in quad^^ 
tore ; consequently from quadrature to conjunction, 
and from conjunction to quadrature, the planet ap- 
pears to move direct, both on account of its own 
motion and the motion of the earth. If the planet 
is in the lower part of the orbit DOG, the effect of 
the earth's motion is to give an apparent retrograde 
motion to the planet; consequently from quadrature 
to opposition, and from opposition to quadrature, the 
planet moves direct or retrograde according as the 
eSbct of the planet's motion exceeds, or is less than, 
the effect of the earth's motion. Between quadra- 
ture and opposition their effects become equal, and 
the planet appears stationary, and afterward through 
opposition to the next station retrograde. 

103. The apparently irregular motions of the 
planets among the fixed stars, must strike the most 
cursory observer, and it would not at first be expect- 
ed that these motions could be explained by so simple 
an arrangement of the bodies. But it is not enough 
to ettablish the true arrangement and true motions 
of the bodies, that the general appearances are ex- 
plained. It is necessary that the most minute cir- 
cumstances of their apparent motions can be shewn 
to arise from that arrangement. We have supposed 
above that the orbits are accurately circular, that 
the planes of these orbits and that of the earth coin- 
cide, and that the angular motions were uniform; 
but if the planes of the orbits coincided, if the or- 
bits were accurately circular, and were uniformly de- 
scribed, the planets would always appear in the eclip- 
ticy and would always be found exactly in the placea 
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which the computation on [the circular hypothesis 
points out ; but none of these things take place ex- 
actly. The deviation however can be explained, by 
shewing, that the planes of the orbits of the planets 
ire inclined to the plane of the earth's orbit at small 
angles, and that the orbits are not circles, but only 
nearly circles, being ellipses, not differing much from 
circles, as will be shewn farther on. Every phenome- 
non, even the most minute, can be deduced from 
such an arrangement $ no doubt therefore would re- 
main of the motions of the planets, in such orbits, 
round the sun, even had we not the evidence derived 
from physical astronomy. 

Another arrangement, known by the name of the 
Ptolemaic system, will explain the general appear- 
ances of the planetary motions, will shew when they 
are direct, stationary, and retrograde, and will enable 
us to compute nearly their apparent places ; but when 
applied to the more minute circumstances of their 
motions, it totally fails. 

104. The periodic times of the inferior planets 
can be deduced nearly, from observing the time be- 
tween two conjunctions, their orbits being supposed 
circular. 

Let T =the time between two successive inferior or 
superior conjunctions. 

E aperiodic time of the earth ; 

P aperiodic time of the planet. 
Then considering the planet's angular motion as uni- 
form, P : £ : : 4 right angles : angle described by 
planet about the sun in time of earth's revolution aa 
4 right angles -f angle gained by planet on earth in 
time of earth's revolution. 
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But as the angles gained are as the times of gain- 
ing them, therefore 4 right angles : 4 right angles 
+ angle gained by planet on earth in time of earth's 
revolution : : T : T+E. 

Hence P :E : : T: T + E, therefore P =^^> 

consequently knowing the time between two inferior 
conjunctions, which can be readily observed, we ob- 
tain the periodic times of the planets Mercury and 
Venus; 

The interval between the inferior conjunctions of 
Mercury is 115 days, therefore its periodic time = 

115X365 o*T J 

Ti5+3i5=^^ days. 

The interval for Venus is 584 days, and conse- 
quently its periodic time=— 1^^=224 days. 

105. The periodic times also of the superior pla- 
nets can be obtained, from observing the time between 
two successive oppositions. 

Let T, E and P represent as before. Then P : 
E : : 4 right angles : angle described by planet in 
time of earth's revolution = 4 right angles — angle 
gained by earth on planet in time of earth's rev. 
Also 4 right angles : 4 right angles — angle gained by 
earth in time E : : T : T— E, hence P : E : : T : 

T— E, therefore P = '^^ 

The interval between two oppositions of the Geor- 
gium Sidus is 369 J days; hence the periodic time 
of the Georgiura Sidus =, !g9,75Xg65,25 ^ g^ x 365} = 

S2 years. For Saturi, the interval is 378 days, and 
consequently ,the periodic time of Saturn ==|Z|^p|| 
=29iX365J=29i years. In like manner the pe- 
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rtodic times of the other superior planets may be 
nearly determined. 

106. The inclinations of the planes of the orbits of. 
all the planets, except Pallas, to the plane of the 
earth s orbit are small. The method of ascertaining 
the inclinations will be afterward shewn. The points, 
in which a planet's orbit ihtersects the plane of the 
earth's orbit, are called nodes. The node through 
which the planet passes from the southern to the 
northern side of the ecliptic, is called the ascending 
nodcy and the other the descending node. 

When an inferior planet is near one of its nodes 
at inferior conjunction, it appears a dark spot on the 
sun's surface, and thereby is shewn that the inferior 
planets receive their light from the sun. When Ve- 
nus is in superior conjunction, at a considerable dis- 
tance from its node, it may be seen, by help of a te- 
lescope, to exhibit an entire circular disc. Indeed all 
the different appearances of the inferior platiets, as 
seen through a telescope, are consistent with their 
being opaque bodies, illuminated by and moving about 
the sun in orbits nearly circular. Near inferior con- 
junction they appear crescents, exhibiting the same 
appearance as the moon a few days old. At the 
greatest elongation they appear like the moon when 
halved, and between the greatest elongation and su- 
perior conjunction they appear gibbous, or like the 
moon between being halved and full. 

107. These appearances are easily explained. — 
The planet being a spherical body, the hemisphere 
turned'tpward the sun is illuminated. A small part 
only of this hemisphere is turned toward the earth, 
when the planet is near inferior conjunction. Half 

(»2 
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the enlightened hemisphere is turned toward the 
earth, when the planet is at its greatest elongation • 
More than half, when the planet is between its great- 
est elongation and superior conjunction. 

For, generally* both with respect to inferior and 
superior planets, the greatest breadth of 
Fig. 17. the part of the illumined hemisphere turned 
toward the earth, is proportional to the ex- 
terior angle at the planet, formed by lines drawn 
from the planet to the sun and earth. Let PS be 
in the direction of the sun, PE in that of the earth, 
IPHLO the section of the planet in the plane of the 
earth's orbit. Draw HO perpendicular to £P, and 
HIO is the greatest breadth of the hemisphere turn- 
ed toward the earth; IL being perpendicular to 
SP, IHL is the greatest breadth of the illuminate 
ed hemisphere; and HI common to each, is the 
greatest breadth of the illuminated part seen from 
the earth. The measure of this is the angle IPH=;: 
IPS-|-SPH=rHPG+SPH==SPG the exterior angle 
at the planet. Now near inferior conjunction the 
exterior angle is less than a right angle; at the great- 
est elongation it is a right angle ; and afterwards 
greater than a right angle. Therefore the breadth of 
the illumined part is respectively less than a quadrant, 
equal to a quadrant, and greater than a quadrant. 

108. It is easy to see that as the planets appear 
fiat discs on the concave surface, so their illumined 
parts will be projected on the fiat surface, and the 
greatest breadth will be prcgected into its versed sine, 
as in Fig. 18. 1, 18. 2, 18. 8, where IH is prcgected 
into its versed sine AB. Because the projection of 
a circle, inclined to a surface^ by right lines perpen- 
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dicular to that surface, is an ellipse, the inner termi- 
nation PS of the enlightened part appears elliptical, 
and the enlightened surface : surface of planet : : 
AB : AC : : versed sine of exterior angle : diame- 
ter. 

109. With respect to the superior planets ; the 
exterior angle of the planet is least when the planet 
is in quadrature. For when the exterior is least the 
interior is greatest. Now it is evident that SGE, 

when GE is a tangent to the orbit of the 
Fig. 16. earth, is greater than when E is at any other 

point, and therefore the planet being in 
quadrature, the exterior angle is least. SGE for 
every superior planet is acute, and the es^terior 
angle obtuse, and consequently its versed sine is 
greater than radius. Whence more than half the disc 
of a superior planet is always seen, and it appears 
most gibbous in quadrature. Mars then appears 
gibbous about |. of his diameter; Jupiter only by 
about 1^^ of his diameter, which quantity is imper- 
ceptible, even by a telescope; because Jupiter's 
disc then only subtends an angle of 30'^ Accord- 
ingly all the superior planets, except Mars» appear 
always with a full face. Xbe new planets appear so 
smaU, that it cannot be expected any gibbosity should 
be exhibited by them. 

110. The brightness of a planet depends both on 
the quantity of illuminated surface and its distance. 
The greater the distance is, the less the brightness ; 
wh^cb, the illuminated surface remaining the same, 
decreases as the square of the distance increase^ 
so that in computing when a planet appear^ bright- 
est, both the illuminated surface and distance must be 
taken into the account Both circumstances concur 
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in making ^ superior planet appear brightest at op* 
position. The inferior planets are not brightest at 
superior conjunction, because of their greater dis- 
tance ; and near inferior conjunction, the illuminated 
part visible to us is very small. The place of great- 
est brightness then lies between inferior and superior 
conjunction* 

The solution of the problem to find when Venus 
appears brightest, gives her elongation then about 40 
degrees. The places of greatest brightness are be- 
tween the places of greatest elongation and inferior 
conjunction. This agrees very well with observation. 
"When she is near this position she occasions a strong 
shadow in the absence of the sun ; and for a consider- 
able time both before and after she is at this elonga- 
tion, she may be readily seen in full day-light by the 
naked eye. 

111. From inferior to superior conjunction Venus 
is to the westward of the sun, and therefore rises be- 
fore the sun, and by the splendor of hc|: appearance^ 
being much noticed, is called the morning star* From 
superior to inferior conjunction she appears to the 
eastward of the sun, and therefore does not set till 
^er the sun, and is then called the evening 
star. Jupiter, which appears much nearer in spleo* 
dor to Venus than any other planet, is somdliihes 
called^ a morning or evening star, according as it 
rises before or sets after the sun, and wbfen near op- 
position may be called both an evening and morning 
star* 

r 
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1 12. The following TABLE exhibits at one view 
the principal outlines of the planetary system. 



Merc 


Ven. 


Earth 

e 

10 

days 
565 


Mars.' 

3 

15 


Vesta 
IB 


Juno 
t 


Ceres 

i 

28 


Failas] 
4^ 


t- 


Sat. 

h 

95 

years 
29^ 


Geor. 

H 


Sun. 

© 


Mean distances 
from sun, earth*8 
dist being lO. 


4 


7 

days 
224 


24 

days 
1335 

9 1 

7 9 

e 
103 


27 


28 


52 


192 

years 

83 




Periodic time. 


days 
87 


days 
686 


days 
1582 


days 
1681 


days 
1681 


(years 
12 




Diameter, earth's 
diam. 10. 


4 

Q 

7 


9 


10 


8 

* 

1 51 








110 


100 


43 

Q 

46 


1128 


Inclination of or- 
bit to ecliptic. 


/ 

3 23 


:^ 


9 ' 
15 5 


10 27 


34 39 


1 19 


2 30 




I^ace of ascend- 
ing node as seen 
from sun. 


Q 

45 


Q 

74 


o 
46 


Q 

171 


o 
81 


o 
172 


o 
97 


Q 
111 

/ 
. 

3 


o 

73 




Diameter of siin 
seen from planet. 


/ . 
80 


46 


32 


21 


r 
13 


t 

12 


/ 
11 


/ 
11 


6 


1 




Times of revolu- 
tion on axis. 




h ' 
23^0 


h ' 
25 56 


h ' 
24 40 








.466 


h ' 
9 52 


h ' 
10 16 


d h 
25 10 


Days from conj.to 
con. or opp. tp op. 


115 
22 


584 




780 

70 

9 
18 

15 

26 5 


503 


474 
99 

9 

12 


466 

99 

o 
12 


399 


378] 


36a| 




Of which time 
they retrograde* 
during days. 


42 

Q 

16 




83 


99 


120 


135 


151 




Arcs which they 
retrc^ade. 


12 




9 
13 

13- 


o 
12 


9 
8 


p 
6 

6 


9 
4 


Velocity per se- 
cond in miles 


30 


23 

;57 IC 


19 


l!2 


11 


11 


4 




Greatest and least 
apparent diam. 


It/ n 
11 \S 


. 




If If 
40 2^ 


II ' " 
18 15 


\ 4 
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The times and arcs of retrogradation are com- 
puted on the supposition that the orbits are circu- 
lar. 

The apparent diameters of the new planets have 
not been ascertained. They are too small to be mea- 
sured by micrometers. 

Dr. Herschel thinks that if the diameter of any 
one of them amounted to ^ of a second, he should 
have been able to have ascertained it. — Phil. Tran. 
Parti, 1805. 

The minuteness of these bodies has induced him to 
class them as distinct from the planets, under the 
name of Asteroids. It may be observed that an ap- 
parent diameter of ^ of a second in opposition would 
give a real diameter of 65 miles. 

lis. Perhaps the most striking circumstance in 
the above table, is the great velocities with which 
the planets move ; and this is more impressed, when 
we consider that of the earth on which we live, the 
velocity of which is 90 times greater than the velo- 
city of sound. In contemplating these velocities, it 
cannot but occur to us how great a power is neces- 
sary to be continually acting, to circumflect the pla- 
nets about the sun, and compel them to leave the 
tangential direction. A power that acts iucessantly, 
and is able to counteract the great velocities of the 
planets, must excite our enquiries as to its origin and 
law of action. 

We can ascertain that this power is constantly 
directed towards the sun, increases in intensity as 
the square of the distance from the sun decreases^ 
and that it is the same power which is di£Pused 
through the whole planetary system, only varying in 
quantity as the square of the distance from the sun 
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h varied. So far physical astronomy teaches us ; but 
the proximate cause of this power, or solar gravity, 
as it may be called, is unknown. We cannot trace by^ 
what agency the Supreme Being, from whom all things 
originate, has ordained the operations and laws of 
gravity to be executed. 

114. By a comparison of the distances and perio- 
dic times, which are determined independently of 
each other, it will be seen that the squares of the /w* 
riodic times are as the cubes of the distances. This 
relation was first found out by Kepler. For a long 
time no necessary connection was discovered betweoi 
the periodic times and distances, 'till at last it was 
shewn to be a consequence of the law of gravity above- 
mentioned. 

115. At present we know of no secondary cause 
that could have any influence in regulating the res- 
pective distances of the planets from the sun; yet 
there appears a relation between the distances, that 
cannot be considered as accidental. This was first 
observed by Professor Bode of Berlin, who remarked 
that a planet was wanting, at the distance at which 
the new planets have since been discovered, to com-, 
plete the relation. According to him, the distance of 
the planets may be expressed nearly as follows, the 
earth's distance firom the sun being 10. 



Mercury 


4 


« 


4 


Venus 


4+Sxl 


=s 


7 


Earth 


4+8X2 


« 


10 


Mars 


4+SX«« 


ae 


16 


New planets 


4+3x2* 


«= 


28 


Jupiter 


4+3 X 2* 


5= 


S^ 


Saturn 


4+3x2^ 


ss: 


100 


Gtoririum Sidns 


4+9X2' 


« 


196 
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Compariog these with the mean distances above 
given, we cannot but remark the near agreement, and 
can scarcely hesitate to pronounce that these mean 
distances were assigned according to a law, although 
^e are entirely ignorant of the exact law and of the 
reason for that law. 

116. Astronomy must have been considerably ad- 
vanced before any attempts were made to ascertain 
the position of the planets with respect to the sun and 
to each other, and to develope their motions. It is 
said, however, that the Egyptians very early con- 
ceived the motions of the planets Mercury and Venus 
to be about the sun, and also that the Pythagoreans 
considered the sun as the centre about which the pla- 
nets performed their motions. But their opinions 
are so imperfectly expressed in the few rscattered no- 
tices wliich are found in different authors, that little 
can be known with certainty about them. 

The distinguished astronomers of the Alexandrian 
school) Aristarchas, Eratosthenes, Hipparchus, and 
others, seem not to have attempted any theory of the 
planetary motions, notwithstanding they far excelled 
in other parts of astronomical knowledge all that had: 
gone before. • And we are certain that till Ptolemy, 
who wrote about 140 years after the birth of' Christ, 
published the system; that- goes by his name, the mo- 
tions of the planets were not submitted to regular cal- 
culation. : 

In the Ptolemaic sy^em^ the Earth is supposed im- 
moveable in the centre^ about which the Moon, Mer- 
cury, Venus, the Sun,^ Mars, Jupiter and Saturn are 
supposed to revolve in different periods and in the 
order stated. Ail these bodies, as well ^s the fixed 
starS) were likewise supposed to be. carried round the 



^ 
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earth by the motion of the primum mobile in 24^ 
hours. The latter opinion appears now so unphilo- 
sophical, that we are apt to judge by it of the rest, 
and despise the whole Ptolemaic system, as unworthy 
of consideration. However, that part of the i»yslem 
by, which the inequalities of the planetary motions 
were explained is well worthy of examination, and 
seems in some measure entitled to the credit which it 
possessed for near fourteen centuries. 

117,^ The motions of the inferior planets were 
supposed to be as follow* Let £ be the earth, SST 
the path of the sun, V Venus in inferior conjunction. 
Venus is supposed to move uniformly in 
Fig* 19. a circle which is carried uniformly round 
the earth. Let V N be the circle in 
which Venus moves, while this circle is moved uni- 
formly about the earth. The circle in which the pla- 
net moves is called the epicycle^ and tbat on whicl^ 
the centre of the epicycle moves is called the deferent. 
The epicycle is described in the time between two in- 
ferior conjunctions of the planet, and the deferent is 
described in the time of the earth's revolution about 
the sun. It is easy to see that such a combination of 
motions will represent the motion of the planet. At 
V the motion of the planet being towards N, and that 
of the epicycle towards D', the former motion about 
£ exceeding the latter, the planet appears retrograde 
when seen from E. But it will readily appear gene- 
rally, that the angular distance of the planet from the 
sun is always rightly represented in this system, and 
therefore |he apparent motion of the planet. When 
t> hasmoyed tOs,J)', let V' be the place of the 
planet. Produce EJ). to 1S(, and S' will be ihe place 
ipj^, the, sun I becauaa^th^ tinafr of describuig the 
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deferent is the same as the period of the sun*s motion. 
The angle V'D'E will answer to the angle gained by 
the planet on the earth in Art. 97, and Fig. 14. 
Hmce if the radius of the deferent : radius of epicy- 
cle : : SE : SP (Fig. 14-) : : distance of earth from 
snn : distance of planet from sun in the true system ; 
the triangle EV'IX will be always equiangular to the 
triangle ESP ; and therefore as we have shewn that 
the angle SEP rightly represenU the elongation of 
the planet from the sun, S'EVl will also rightly re- 
present the elongation, and therefore this system 
will rightly represent the motion of the inferior pla- 



118. The motions of the superior planets were 
supposed to be in epicycles, each described in the 
time between two conjunctions or oppositions; but 
the deferents were described in the same times as the 
planets revolve round the sun in the true system, 
that is, the epicycle of Saturn was described in 378 
days, and the deferent in 29} years. LetDIX be 
the deferent of a superior planet, M the planet in 
opposition, the sun being at S. When the centre of 
the epicycle is at D', let M^ be the place of the 

planet and S' that of the sun, produce DIE 
Fig. 20. to P. Then ZM'DE will answer to the 

angle gained by the earth on planet in 
Art 101 and Fig. 16, but z. S'ES— A DEiy = 
Single gained, because the deferent is described in 
the periodic time of the planet Hence ^ M^IXE 
» /. S'ES— z.PES= 4 PES' : therefore D'Ml 
and S'E are parallel, and consequently ^ M'ES'ss Z 
IXM'E. But if the radius of the epicycle : radius 
of the deferent :: SE : SN (Fig. 16) : : distance of 
earth from son : distance of planet from sun in true 
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sytstem; the triangle ED'M' will be always equi- 
angular to SEN (Fig. 16.) Hence D'ME, and 
therefore S^EM'' will always shew the true angular 
distance of the sun from the planet, and so the mo- 
tions of the superior planets will be rightly repre- 
•ented, 

119. There are some circumstances in the Ptole- 
maic system that ought naturally to have led to the 
true system. The former determines nothing with 
respect to the distances of the planets from the earth ; 
it only requires that the proportion of the radii of 
the deferent and epicycle be such as to represent the 
motion for each planeU The distances therefore are 
arbitrary. If we take the radius of the deferent of an 
inferior planet equal to the radius of the sun's orbitf 
we immediately have the inferior planeU revolv- 
ing round the sun, while the sun is carried round 
the earth, according to the reported system of the 
Egyptians* This simplification of the Ptolemaic sys- 
tem with respect to the inferior planets is so obvious, 
that we may suppose it soon occurred without any 
reference to the Egyptian system, and to have been 
the first advance toward the true system. We know 
it is mentioned by Martianus Capella, who appears 
to have lived in the fifth century, and by others long 
before the time of Copernicus. If we take the radius 
of the deferent of a superior planet equal to the pla- 
net's true distance from the sun, the radius of die 
epicycle for each planet will be the earth's distance 
from the sun. This striking circumstance might have 
led Copernicus to simplify the system, by giving a 
motion to the earth, by which one circle is made to 
serve the purpose of several equal ones. 

120. Although the Ptolemaic system explains the 
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general appearances with much simplicity ; yet when 
it was • applied to explain those appearances which 
arise from the inclination of the orbits to the eclip- 
^ tic, from the eccentricities and 4;he unequal motions 
in those orbits, the introduction of other circles be- 
side the deferent and epicycle being necessary, the 
system became very complex, and much ingenuity 
and mathematical sagacity were shewn in adapting 
it to different circumstances. Had the instruments 
now in use then existed, a very few observations 
would have been sufficient to have completely over- 
thrown all those specufations. But the state df in- 
straments and of observations . was such in the time 
of Copernicus, after whom the true system has justly 
been named, that he could use scarcely any argu- 
ments in support of his system but what he derived 
from its simplicity. It was only a short time before 
bis death, in 1543, at the age of 71, he ventured to 
propose his system to the world, in his work entitled 
<* De Revolutionibus Orbium," after having medi- 
tated upon it above 36 years. It does hot seem to 
have made much impression till above half a century 
after, when Galileo, aided by his telescope, was en- 
abled to bring most powerftil arguments in favour of 
it His observation of the gibbosity of Venus was 
decisive in favour of the motion of Venus about the 
sun. Had the motion of Venus been according to 
the Ptolemaic system, it must always have appeared 
in a telescope as a crescent. 

121. The ancients observing that the planets 
moved faster or slower according to the place of the 
teliptic they were in, when in opposition, or near 
conjunction, named this thejirst inequality. The re- 
trograde, stationary and direct appearances they cal« 
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led the second ineqiuiUty. Copernicus, who conceiv- 
ed that the celestial motions were necessarily per- 
formed in circles, was obliged to retain epicycles to 
explain the first inequality. 

122. Although there was nothing in the Ptolemaic 
system, that could properly lead to the knowledge 
of the actual distances of the planets from the earth ; 
yet as the system appeared very imperfect with- 
out it, astronomers substituted an hypothesis resting 
on no foundation. They imagined that the convex 
boundary of the space, within which the epicycle 
of a planet performed its motion, was the concave 
boundary of the space belonging to the next ; and 
as they knew, although inaccurately, the distance of 
the moon, they obtained from it the distance of 
Mercury; from the distance of Mercury, that cS 
Venus, . &c. The distances obtained in this #ivf 
differed extremely, as might be expected, from tbe 
truth. Till therefore the Coperniean system was 
established, nothing whatever was known with respect 
to the actual distances, and consequently the mag- 
nitudes, of any of the planets. But the distances of 
the sun and moon, although very inaocurate^ were 
deduced from just principles. / 
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CHAR VIIL 



On the secondary Planeis and Mootk'^Atmospheres of 
PlanetS'^JBings of Saturn — Comets. 



Ids. FOUR small stars, only Visible by the help 
of telescopes, always accompany Jupiter, and are 
continually changing their positions with respect to 
each other and Jupiter. They are called satellites 
and secondary planets. The first satellite is that 
which elongates itself least from Jupiter, &c They 
clearly shew that Jupiter is an opaque body enlight- 
ened by the sun ; for when they intervene between 
him and the sun, they project a shadow on his disc. 
They themselves are also opaque bodies illuminated 
by the sun ; for when the planet intervenes between 
any of them and the sun, they are eclipsed. The 
phenomena prove that they revolve about their 
primary at different distances in orbits nearly circu- 
lar, while they are carried together with their prl. 
mary about the smi. Their orbits are inclined to the 
plane of Jupiter's orbit, as is concluded from the 
unequal durations of the eclipses of the same satel- 
lite. The fourth satellite is sometimes in opposi- 
tion to the sun, without being eclipsed. This is 
owing to the inclination of its orbit and great dis- 
tance from Jupiter. The third and fourth satellites 
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dkai^ar and re-appear on the same side of Jupiter. 
Only the b^inninge ^r the endings of the eclipseji 
of the first and second satellite are visible. 

1245. Let S be the sun ; I Jupiter and its shadow ; 
A and P the •earth before and after the op- 
Fig*^], position of Jupiter; sp the path of the first sa^ 
tellite in the shadow ; A^ a tangent to Jupiter* 
When the first satellite enters the shadow, the appa^ 
rent distance of the satellite from the body of Jupiter 
js tAs ; but at its emersion, the line p^ always passes 
through Jupiter, and therefore the emersion is 
invisible; but after opposition, the earth being at 
P, thje emersion and not the immersion will })e 
visible. The same things take place with respect to 
the second satellite. If tnn be the path of the third 
satellite, mA frequently lies witliout the body of* 
Jupiter, and therefore both the immersion and emer- 
sion are visible; and the phenomena are Tery strik- 
ing, from the circumstances of the satellite disap- 
pearing and re-appearing at a distance from the 
body of Jupiter on the same side. The same may 
be o|;)served with respect to the fourth satellites 
Before the opposition of Jupiter to the sun, the 
eclipses happen on the west side .of Jupiter ; after 
opposition, on the east. If the telescope invert, 
the contrary takes place. 

125. It has long been suspected^ that the satellites 
of Jj^piter revojve on their axes ; and lately Dr. 
Herschel has observed that each of tliem revolves 
in the time of its revolution round the primary.* 
Their motions about the primary, and their motions 
^out their axes, are firom west to east. 

H 
f PbiL Tram. 1796. 
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126. Their distances in semi diameters of Jupiter, 
and periodic times, are nearly as follow : 





Distin 




aemi-diam. ' 


1 


of Jupiter. 


I. 


6 


II. 


9 


III. 


14 


IV. 


26 


- 


" 



Periodic 
Times. 



1 

3 

7 

16- 



H. 

18 
13 

4 
16 



They must be very magnificent objects to the in- 
liabitants of Jupiter. The first satellite appears 
to them with a disc four times greater than that of 
our moon appears to us, and goes through all the 
changes of our moon in the short space of 42 hours, 
within that period being itself eclipsed, and causing 
an eclipse of the sun on the surface of Jupiter. 

127. The order of their magnitudes is 3, 1, 4, 2, ac- 
cording to Dr. HerscheL Their masses, that of the 
earth being 1000, and therefore of the moon 14, are 

fl Sat. 5 

2 — 7 

3 — 27 

4 — is 

128. The' satellites of Jupiter, at their greatest 
elongations, appear nearly in the direction of the 



f These masses are according to tiie deteiiimiadon of M. La Place, 
(Mecan. Celest. Tom. 4. p. 126.) It has b^n thought right to men- 
tion their masses, as well as some other particulars of the satellites, 
although thej require investigations that could not properly be stated 
here. 
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equator of Jupiter, because the equator of Jupiter 
and the orbits of the satellites are inclined at small 
angles, to the plane of Jupiter's orbit. The direc- 
tion of Jupiter's equator is marked by the heUs 
of Jupiter, which are faint shades, parallel to each 
other, on the body of Jupiter, and which frequently 
undergo such changes, that they have been supposed 
to be somewhat of the nature of clouds in his at- 
mosphere ; but, from some unknown cause, more 
permanent than our clouds. 

129. Galileo discovered the four satellites of Ju- 
piter, J^n. 7, 1(510. This, which might naturally 
have beert a source of delight, was at first a subject 
of disappointment. He supposed them to be fixfed 
stars, and found, looking at them on the next night, 
that Jupiter was to the eastward of them, whence he 
concluded the motion of Jupiter direct; whereas 
according 'to the Copernican system it ought then to^ 
have been retrograde ; but he soon discovered that 
the motion was in what he took for fixed stars, and 
announced his discovery to the world, Harriot also 
appears to have discovered them about the same lime 
that Galileo did. 

This discovery was very important in its conse- 
quences. It furnished, as we shall see, a ready me- 
thod of finding the longitude of places by means of 
the eclipses of the satellites that so frequently take 
place. This made the eclipses b^ particularly at- 
tended to ; which led Roemer to discover that the 
transmission of light is not instantaneous ; an^ this 
led Bradley to account for a small apparent motion 
of the fixed stars, called<i> the aberration of ligh^ which 
bMS furnished an independent proof of the motion of 

h2 
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the earthy as strong as that from physical considera« 
lions. 

150. Saturn has seven satellites revolving about 
him in orbits nearly circular. Of which the sixth 
is seen without much difficulty, and was called the 
Huygenian satellite^ from having been discovered 
by Huygens. The 3d, 4?th, 5th and 7th were after- 
vrard discovered. Dr. Herschel discovered the first 
an^ second. 

It has long been supposed that the 7tb (formerly 
the 5tb) satellite revolved on its axis in the time of 
its revplution round Saturn. This has been con-? 
firmed by the ol^servations of Dr. Herschel. ThesQ 
satellites, except the 6th, require a very good teles- 
cope to render ^hem visible. On which account 
tliey have be^n mucli less attended to than the satel-* 
lites of Jbpiter. The distances from Saturn in semi- 
4Jiameters of Saturn, and periodic times, are nparly a^ 
^Uow: 





_ - • 
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» • ■ 


Periodic times. 
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22 


2. 


3,5 


1 8 


3. 


4,8 
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«?,7 


4. 12 


6. 


20,3 


15 22 
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59,1 


79 7 
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■ > 





181. Dr. Herschel long ago discovered two sateU 
Jite^ to the Georgium Sidus. * Their orbits are nearly 
perpendicular to the orbit of their primary* He ha^ 
sipce observed four others. 
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The relation of the periodic times^ and distancer 
of the satellites from their primary, holds in all th^ 
secondaries of each planet respectively. 

132k Next to the sun, the most interesting to us^ 
of all the celestial bodies^ is our own satellite, the 
moon. It apparently describes, by a motion from 
west to east, on the concave surface of the celestial 
sphere, a great circle nearly, intersecting the eclip- 
tic at an angle of about 5^* This apparent motion 
is explained by a real motion round the earth, in 
an orbit inclined to that of the earth, in an angle 
of 5^. The periodic time, or time of return to the 
same point of the concave surface, or the same fixed 
star, is 27 d. 7 h, 43'. The variation of diameter 
shews the variation of distance is greater than the 
variation of the sun's distance. The greater diame^ 
ter is 33'i, least 29'i, and the mean 3l'i. The moon 
is carried with the earth in its annual motion round 
the sun. This necessarily follows, if the motion of 
the earth be granted, and is well iUustrated by the 
motion of the satellites of Jupiter and Saturn. The 
apparent motion of the moon on the celestial con- 
cave surface varies considerably from its mean quan- 
tity, and its variations seem very irregular. Its 
greatest hourly motion in its great circle is 33' 40'^,4ts 
least 27', mean 32' 56'^ ; do that in its mean quantity 
it moves over an arch equal to its apparent diameter 
in about an hour. 

133. The intersections of its apparent path with 
the ecliptic, or the intersections of its orbit and the 
earth's orbit, called its node^^ are not fixed, but move 
backward, completing a revolution in 6798 dayss: 
18 years 228 days. If we conceive then, a great 
•ircle inclined to the ecliptic, at an angle of 5 de- 
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greesy und a body moving in this circle at the rate 
of about 33' in an hour, while the circle itself is car- 
ried backward with a slow motion of 8" an hour, th^ 
path of this body on the concave surface will in some 
measure represent the path of the moon. The more 
accurate consideraticms of the lunar motions will be 
vesumed hereafter. The full investigation of the 
motions of the moon is one of the most intricate, 
and) as connected with finding the longiti^dc at 
sea, one of the most useful problems in astronomy* 
Perhaps in no instance has modern science reaped 
so much credit as from the success that has fol-' 
lowed the attempt to completely develope the lunar^ 
motions. 

134. The phases of the moon are particularly in-- 
teresting; they prove the moon to be a spherical 
body illumined by the isun. When in conjunction 
with the sun, the moon is invisible: when, moving 
from the sun toward the east, it is first visible, it is 
called the new moon, and appears a crescent : when 
90 degrees, from the sun it is hklved, when more dis- 
tant it is gibbous, and when in opposition, it shines ' 
with a full face; approaching the sun toward the 
east, it becomes again gibbous, then halved, and 
lastly a crescent, after which it disappears, from the 
superior lustre of the sun, and the smallness of the 
illumined part which is turned toward the earth. 

135. The enlightened part varies nearly as the 
versed sine of the angle of elongation from the sun. . 
It is. proved in the same manner * as for the planets, 
that the enlightened part varies as the versed ^ine of 
the exterior angle at the moon. But, this exterior 

• Art. lOT irad 108. 
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angle is equal to the angle of elongation -|- angle 
sebtendoil at the sun by the earth and niooQv The 
latter angle never amounts to 20\ and therefore is ii^ 
cctosiderable. 

136. The time between two conjunctions or two 
oppositions called a lunation^ and synodic months h 
greater than the time of a revolution in the orbit, or 
the time of return to the same fixed star. Because, 
when the latter time is completed, the moon has to. 
move a farther space to overtake the sun. 

Let S=periQd of sun's apparent motion about the 
. earth. ' 

P=period of moon's motion about the earth. 
L=period between conjunction and conjunc- 
tion, or of a lunation. 
Then S : P : : 4 right angles : angle described by 
sun in the moon's periodic timez=angle gained by the 
moon in the time L — P. 

But the angles gained by the moon are as the times 
of gaining them. Therefore, 

4 right angles : angle gained by moon in time L«—P 
: : L : L — P. Hence 
S:P: :L:L— P 

or S : S— P : : L : P, therefore L = |^ « 

^^^glfT^gf^" = ^^ ^*y^' ^^ *'^"'^' *^ minmes nearly. 

137. In 19 solar yeftrs of 365 ^days, there are 
235 lunations and 1 hour. Therefore, considering 
only the mean motion, at the end of 19 years, the 
full moons fall again upon the same days of the 
month, and only one hour sooner. This is called the 
Metonic Cycle, from Metoni who published it at the 
Olympic Games, in the year 433 B. C This period/ 
of 19 years has been always in much estimation for its 
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use in feroring the calendar; and from that cireunw 
stance, the numbers of this cycle have been called the 
golden numbers. 

1S8. The cause of the appearance of the whole 
moon, observed a few days before and after the new 
moon, is the reflection of light from the earth. When 
the tnoon becomes considerably elongated from tlie 
sun, it is then out of the way of this reflection. Thifi 
phenomenon afibrds a remarkable proof, that of two 
objects of the same magnitude, the brighter object 
appears larger. 

] 39. One of the earliest attempts upon record to 
discover the distance of the sun from the earth, was 
from observing when the moon was exactly halved 
or dichotomised. At that time the angle at the 
moon, formed by lines drawn from the moon to the 
sun and earth, is exactly a right angle $ therefore if 
the elongation of the moon from the sun be exactly 
observed, the distance of the sun from the earth will 
be had> that of the moon being known, by the solu- 
tion of a right angled triangle, that is, sun*s distance : 
moon's distance : : rad : cos. moon's elongation. The 
uncertainty in observing when the moon was exactly 
dichotomised, rendered this method of little value to 
Che ancients. I^oweVer, by the assistance of micro- 
meters, it may be performed with considerable accu- 
racy. Vendelinus, observing at Majorca, the climate 
of which is well adapted to observation, determined, 
in 1650, the sun's distance, by this method, very 
considerably nearer than had been done at tfiat time 
by any other method. 

This method is particularly worthy of attention^ 
being the first attempt for the solution of the import- 
ant problem of finding the sun's distance. It wasr 
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iised by Arlstarchus of Samos, who observed at Alex« 
andria, about 280 years before the commencement df 
the christian aera. 

140. Viewing the moon with a telescope, severaf 
curious phenomena offer themselves. Great variety 
is exhibited on her disc* There are spots differing 
very consiclerably in degrees of btightness. Some 
are almost dark. Many of the dark spots must ne- 
cessarily be excavations on the surface or valleys be^ 
tween mountains, from the circumstances of the 
shades of light which they exhibit* There is no rea- 
son to suppose that there is any large collection of 
water in the moen; for if there were, when the 
boundary of light and darkness passes through it, it 
must necessaril}' exhiUt a regular curve, which is never 
observed. The non-existence of large collections of 
water is also probable from the circuihstance of no 
changes being observed on her surface, such as would 
be produced by vapors or clouds; for, although, as 
will be remarked, the atmosphere of the moon is com* 
paratively of small extent, yet it is probable that an 
atmosphere does exist. 

141. That there are lunar mountains is strikingly 
apparent, by a variety of bright detached spots al- 
most always to be seen on the dark part, near the 
separation of light and darkness. 

^ These are tops of eminences enlightened by the 
sun, while their lower parts are in darkness. But some- 
times light spots have been seen at such a distance 
from the bright part, that they could not arise from 
the light of the sun. Dr. Herschel has particularly 
noticed sudh at two or three different times. These 
be supposes are volcanoes. He measured the dia-^ 
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meter of onei and found it == S% which answa*8 to 
four, miles on the sur&ce of the moon* 

142. The heights of lunar mountains niay.' be as- 
^certained by roeasuriog with a micrometer the dis- 
tance between the t<^ of the mountain,, at the in- 
stant it first becomes illuminated, and the. circle of 
light and darkness. This measurement is to be made 
in a direction perpendicular to the line, joining the 
extremities of the horns. 

Let ADB be the circle of light and darhnessi 
^ T the top of a mountain just illumined 

Fig. 22. by the ray DT coming in a direction 
perpendicular to the plane of the circle 
ADB, and being a tangent to the surface at D* 
XfCt S be at the surface, or the bottom of the moun- 
tain, and C the centre of the moon ; then (by 
Euclid, 3 B. 96.) TS (TS4.2CS) = DT* or, TS 

being very small compared with CS, TSx^ CS^ 

DT* 
DTSorTS=^gg- We cannot measure DT di- 
rectly, becimse we observe <Hily the projection of 
DT on the plane of the circle of vision AOB* Now 
DT is perpendicular to the plane of the circle ADB, 
and therefore makes an angle with the plane of the 
circle of vision ^ the complement of the spheri- 
cal angle OAB. Therefore DT observed == DT x 
sine z. OAB = DT x *siBe of the angle of elon- 
gation of the moon from the sun. Hence DT=: 

DT observed , , ^« (BT observed )« 

-r and consequently TS= v.,,^^,. 21 

.Old writers on astronomy, when mentioning this 
pTQblem, have not considered that the projection of 

• Art. 135. 
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DT was only measared, and not DT itselF, as has 
been remarked by Dr. Herschel. Their methods 
therefore, only held when the moon was elongated 
90^ from the sun.f • 

14S. It is not the least remarkable circumstance 
of the moon, that it always exhibits nearly the 
same face to us. We always observe nearly the 
same spots, and that they are always nearly in the 
same position with respect to the edge of the moon. 
Therefore as we are certain of the motion of the 
moon round the earth, we conclude that the moon 
must revolve on an axis nearly perpendicular to the 

f Ricciolus mentions that, on the fourth day after new mooiiy he ob- 
served the top of the hill, called St. Catherine's, to be illuminated, and 
that it was distant from the confines <^ the lucid part, about a lii:- 
teenth of the m»on's diameter. Hence completing according to his 
method, that is, supposing DT itself ^L part of the moon's diameter, 
and calling the moon's diameter unity, 

TS = -^^ X -r^ ^ 7J7 part of the moon's diameter, and as tha 
moon's diameter = 2000 miles nearly, TS z= %^y^ = 8 miles 
Bearly the height of St Catherine's, according to Ricciolus ; but on the 
Iburlh day after new moon, the moon could' not be farther dongalad 

from the sun than 48<'. Therefore TS could not be less than °"*^ 

nn.«490 

=^(,7^)9 =1^ voiles nearly. But later astronomers are not ioclia- 
ed to allow of so great an elevation to any of the lunar mountains. 
Dr. Herschel investigated the heights of a great many ; and he thinks 
that, a few excepted, they generally do not exceed half a mile. But 
there seems to be little doubt that there are mountains ^on the surface 
of the moon, which much exceed those on the suHkce of our 
earth, taking into consideration the relative magnitudes of the 
moon and earth. M. Schroeter determined the height of one, called 
Leibnitz, to be 25,000 feet, whereas the height of Chimboraco is not 
20,000 feet : so that taking into consideration the relative magnitudes 
of the earth and moon, this lunar mountain will be Ave times higher ' 
I2ian any of the terrestrial xtwuntains. 
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plane of her orbit, in the same time that she movar 
round the earth, yiz. in 271 * days. This must ne- 
cessariiy take place in order that the same face may 
be continually turned toward the earth during a 
whole revolution in her orbit. The motion of the 
moon in her orbit -is not equable, therefore if the 
rotation on her axis be equable, tli^re must be parts 
in her eastern and western edges, which are only 
occasionally seen; These changes, called her Zf« 
bration in longitude, are found to be such as agree 
with an equable motion of rotation. There are parts 
about her poles only occasionally visible. This, 
called her libration in latitude, arises from her axis 
being constantly inclined to the plane of ber orbit, 
in an angle of 86^. A diurnal libration also takes 
place; at rising, a part of the western edge is seen, 
that is invisible at setting, and the contrary takes 
place with respect to the eastern edge. This is oc- 
casioned by the change of place in the spectator, 
occasioned by the earth's rotation* 

144. A few remarks may be here made concerning 
the rising and setting of the moon, at different «ea* 
sons, and of some other circumstances of moon-light. 

The rising and setting of the moon is most inte- 
resting at and near full moon. At full moon^ it is 
in or near that part of the ecliptic, opposite to the 
sun. Hence at full moon, at midsummer, it is in or near 
the most southern part of the ecliptic, and conse- 
quently appears but for a short time above the hori- 
zon ; and so there is little moon-light in summer, 
when it would be useless. In mid-winter, at full, it 
is near or in the northernmost part of the ecliptic^ 
and therefore remains long above the horizon, and 
(he quantity of moon-light is thes greatest when i^. 



iELfiMENTS OP ASTRONOMY. 109 

IS most wanted ; and this is the more striking, the 
nearer the place is to the north pole. There, at 
mid-winter, . the moon does not set for fifteen days 
together, namely, from the first to the last quarter. 

145. The moon, by its motion firom west to eas^ 
rises later every day, but the retardations of rising 
are very unequal. In northern latitudes, when the 
moon is near the vernal intersection c^ the ecliptic 
and equator, or the banning of Aries, the retarda- 
sion of rising is least, and when near the beginning 
of Libra, greatest. This will appear by consi* 
dering that when Aries is rising, the pait of the 
ecliptic below the horizon makes the least angle 
with the horizon^ and when Libra is rising, the 
greatest.* 

• To explain this more fuUy, let H'CH represent a p<nrtion of the 
horizon, CL a portion of the ecliptic when the b^inning pf 

'^* Aries is at C, and CMN a portion of the equator. Suppose 

the moon to rise at C on one night, then after a reyolution of the con- 
cave surface, the circles will come again into the same portion, with rp9- 
pect to the horizon, but the moon urill have advanced, suppose to L (in 
this illustration we consider the moon as moving in the ecliptic.) Let 
HL be a parallel to the equator, then on the second night the moon will 
rise nearly at H| and therefore, HM and LN being secondaries to the 
equator, MN+23b. 56^ or CN— CM+23h. 56' will be the interval 
elapsed between two successive risings. If CL' be a portion of the 
ecliptic when the moon in Libra is rising, and L' the place of the moon 
on the second night, then H' vrill be nearly the place of its rising, and 
theintervalwillbeM'N+23b. 56^ or CN-f- CM' -f-SSb. 56'. It wiH 
readily appear that.CM'=rCM, because LN=L'N nearly. Hence the 
retardation, when the moon rises in Libra, is greater than the retar- 
dation when the moon is in Aries, by 2CM reduced to time. It is easy 
to see that these are the two extremes of retardation. The Z, ICN 
=: obliquity of the ecUptic, and Z H'CM';^ ^ HCM a compL of 
Lat. 
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146* The variation of the retardation of rising, 
according &s the moon is in or near different parts 
of the ecliptic, being understood* the explanation of 
the harvest moon is very easy. 

At the full moon nearest the autumnal equinox, 
ihe moon is observed to rise nearly at sunset, for 
several nights together. This moon, for its uses in 
lengtheni-ng the day, at a time when a continuance 
of light is most desirable to assist the husbandman 
in securing the fruits of his agricultural labours, is 
ealled the harvett moon. 

The moon, at full, being near the part of the 
ecUptic, op[)osite to the sun, and at the autumnal 

Hence by spherical tiigenoroetry, 

sine LN (HM) =: sine ob. eel. X sine CL. 

tan. CN = COS. ob. eel. X tan. CL. 

dne CM = tan. lat. X'tan HM. 

V<m CL in its mean qnantity is about 12^, and therefore for lat 59*. 
as*, we shiU find by actual computation, 

CNsrsll** 2' ? Hence CN— CM=4<' 58' or in ti»e=18' 32" 
CM^ 6 24 ^ ^j CN+OM=17* 26* or in time lb- 9' 44" 

Hence the interval between the rising of the moon on two difi*erent 
tlightt^ when in Arie8==:23b- 56'-|-18'|=24h- 14'| nearly, and the 
I«tardation is only 14'^. When the moon rises in Libra, the interval 
If 23b. se'^^-l^' 9'i=r25b 5J', »nd the retardation is Ih. 5*1* 

Tbaa difference is still greater, the nearer we approach the Arctic 
circle, and there the retardation of rising, when in Aries, becomes 
iBialler, for then the ^HCN (the comp. of lat. ) ajj^roaches to equa- 
lity with LCN, the obliquity of the ecliptic ; and therefore the points 
•H and L apprdach each other, and consequently MN becomes smaller. 
At the Antic circle itself, the ecliptic coincides with the horizon, when 
Aries is rising, and MN vanishes, and Aerefore the interval between 
•tuo fuoceiiiTe riongs is only 23^ -^' So that there the moon actually 
jiaes four minutes «oon^% 

* TUs effect will be increased from the inclination of the moon's 
Mbit to the ecliptic, when the ascending node is between Capricorn 
•Bd Csnoer, and decreased, when between Cancer and Capricorn. 
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equinox the sun being in Libra, consequently the 
moon must be then near Ariesi when, from what 
has been stated, the retardation of her rising only 
amounts to a few minutes ; and as the moon at «full 
always rises at sunset, the cause of the whole phae- 
nomenon is apparent. In places near the Arctic 
circle the phaenomenon is still more striking, and 
there it is of greater use, where the changes of seasons 
are much more rapid. 

On the Atmospheres of the Planets and Moon. 

147. In tracing analogies between the planet on 
which we live and the other planets, we naturally 
enquire respecting their atmospheres. The atmo-. 
sphere which surrounds the earth has such various 
and important uses, that^ we can hardly suppose th9 
planets destitute of an element, of which we know 
not whether the simplicity of construction, or the 
complipated advantages of it, are most to be admired* 

We can ascertain that Venus, Mars, and Jupiter 
are surrounded by transparent fluids, which reflect 
and transmit light, and are therefore^ according to 
much probability, of the same nature as our atmo- 
sphere. 

The spots and belts of Jupiter are not exactly sta- 
tionary on his disc, but are observed to undergo 
changes and small motions similar to what would 
be observed, from a distance, of the clouds of our 
atmosphere ; whence they are supposed to be clouds 
in his atmosphere ; from some cause unknown to us, 
more permanent than any of the clouds of the earth« 
From observing the revolutions of some spots ^ at 
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different times, Dr. Herschel has discovered a dif- 
ference very similar to what would arise, did moD- 
«ooDs take place in the atmosphere of Jupiter, as they 
do in that of the earth. 

Appearances in Mars strongly indicate the exist- 
ence of an atmosphere. A small star, hid by Mars, 
was observed to become very faint before its appulse 
(o the body <^ Mars. 

But the existence of an atmosphere about Venus, 
as dense, or probably denser than that of the earth, 
^eems to be put beyond all doubt, by Uie observati- 
jons of M. Schroeter. He, for a series of years, ob- 
•served Venus with great attention with reflecting tele- 
scopes of his own and of Dr. Herschel's making, and 
a)«o with achromatic telescopes. 

* The result of his observations are, that Venus 
revolves on an axis, in 23^ 21' ; has mountains like 
the earth, and enjoys a twilight He, in several 
favourable circumstances, when Venus was seen a 
thin crescent, measured the extension of light be- 
yond the semicircle of the crescent, and found it 
to be such, that the observed zone of Venus, illumi- 
nated by twilight, must have been at least four de- 
grees in breadth. Now for the twilight to be seen 
by us through the atmosphere of Venus and our own, 
extending through such an arch, makes it very 
probable that the inhabitants of Venus enjoy a longer 
twilight than those of the earthy and that her atmo- 
;spbere is denser. 

148. The existence of an atmosphere in some of 
the Janets being ascertained, we are led to make in- 
quiry with respect to the satdiites. We can have lit- 
tle hopes of being able to ascertain the point, except 
JA Qfix own satellite, the moon. 

• Pha. Trans. 1795, 
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Mftny ^^0|k^ix»&rft ferfticirfy.d^ed the eiciM;eiio« 
^M dtm08pher6 at the modn;^ principally, from 
observing ho vmriatioti of appearance on the snt^ 
iace, like what would take place, did clouds exist as 
with (IS : end also^ from observing ilO change ill the 
KghC of the fixed stars on the approach of the dark 
edge of ibe inoon^ The circumstance of there bein^ 
lio clouds, prov^ either that th6re is no atmosphere 
similar to that of our earth, or that there are no wap 
tere on its surface to be converted into vapour : and 
that of the lusU*e of the stars not being changed, 
proves that there can be no dense atmosphere. But 
a^lronollflers now seem agreed that an atmosphere 
does surround the moon, although of Ismail density 
when compared with that of our earth* HL Schroe- 
ter has observed a small twilight in the tnodn, sutSh as 
would aiise from an atmosphere t^pable of reflectic^ 
the rays at the height of about a mile* 

Had the moon an atmosphere bf ccmsiderabfe 
density^ it would readily be discovered -by the du- 
rations of the ocdultations of the fixed' stars. The 
duration of an dccultation would be sensibly less thim 
it ought to be, According to the diameter bf the 
moon. The light of the star passing by the mooH 
would be refracted by the lunar atmosphere, and the 
star rendered visible when actually behind the 
moon ; in the same manner as the refraction by the 
earth's atmosphere enables us to see the celestial 
objects for some minutes after they have actually sunk 
below our horizon or before they have risen above it. 
Now the duration is certainly never lessened eight se- 
conds of time, which proves that the' horizontal re- 

I 
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fraction at the moon must be lest than* 2^', whtch 
therefore shews that if a limar atmosphere exists^ it 
must be 1000 times rarer than the atmosphere at the 
surface of the earth, because the horizontal refrac- 
tion by the earth's atmosphere is nearly 2000". With 
such a rare atmosphere, the lunar inhabitants must 
be deprived of many of the advantages we enjoy, 
from the existence of our own. Indeed the loss of 
one advantage, that of twilight, is, on account of the 
length of their day, not of much consequence, and 
fix>m the apparent irregularities of the lunar surface 
so much light may be reflected, that the assistance of 
the atmosphere to make day light* may not be so ne- 
cessary as with us. 

149. The existence of a solar atmosphere is also 
made probable by some circumstances, or an atmo- 
sphere external to the luminous atmosphere, which, 
according to the opinion of many astronomers, covers 
the opaque body of the sun. Bougier, by some cu- 

^rious experiments, on the light of difierent points of 
the disc of the sun, found the light from the centre 
stronger than from the borders, which seems to shew 
that the light from the borders is rendered weaker 
by an atmosphere. 

Of the Bings cf Saturn. 

150. Soon after the invention of telescopes, a re- 
markable appearance was observed about Saturn. 
After a considerable interval of time, Huygens hav- 
ing much improved them, discovered, by careful ob- 

* Forthedanlioii being lesaeiied by 8% the begiimiog of the oo^ 
cultation would be retirded 4'' of time^ during which tb« moon monuft 
ofer3"of space. 
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nervations, a phaenomenon unique, as far as we know, 
in the solar system. He found that Saturn is en- 
compassed with a broad thin ring, inclined by a con- 
stant angle of about 50? to the plane of Saturn's or- 
bit $ and therefore at nearly the same angle to our 
ediptic, and so always appearing to us obliquely. 
When its edge is turned toward us, it is invisible, on 
account of its thinness not reflecting light enough to be 
visible, except in the very best telescopes. When the 
plane of the ring passes between the earth and sun, it 
is also invisible, because its enlightened part is turned 
from us ; and when it passes through the sun it is 
also invisible, the edge being only illuminated ; so 
that it may have, in the same year, two disappear- 
ances and re-appearances. This takes place when Sa- 
turn is near the nodes of the ring. 

151. The ring is a very beautiful object, se^i in a 
good telescope when in its most open state. It then 
appears elliptical, its breadth being about half its 
length. Through the space between the ring and 
the body, fixed stars have sometimes been seen. The 
surface of the ring appears more brilliant than that of 
Saturn himself. 

152. Among the numerous discoveries of Dr. 
Herschel, those he has made with respect to Saturn 
and his ring are not the least. He has ascertained 
that the ring, which heretofore had generally been 
supposed single, consists of two exactly in the same 
plane, and that these both revolve on their axes* in 

I 2 

* It ought to be nodced that this is doubted by Haiding and Sdir«- 
gtM. $— Conn, des Temp. 1808, p. 429. 
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the same time as Saturn, and in the plane of Saturn's 
equator. He also saw the ring when, it had disap- 
peared to other observers, either from the reflection 
of the edge, or from the dark side enli^itetted by the 
reflection of Saturn, Ii6 we see the whole moon near 
new moon. He^ obsenres that the ring is yery thin^ 
compared wi A ks width, its thickness being only about 
1000 miles* 
The outside diameter of the larger 

ring is - «^ 200000 miles 

Itswiddi - - 6700 

Distance between rings - 2S00 

Outtide diieimeter of smaller ring . 180000 

Its width *• - r 19000 

At the mean distanc^^df Satiui}, the ^parent dia- 
meter of the larger ring i^ 4>7^t* 

l£St.JDr. Hersditd tells 4is, he suspects two rings 
to tip§ GecN^iun^ Sidm, perpendicular to each other, 
but St present can only faint at so curious a circum- 
itfiiice* 

On Cofneii. 

154. Comets are luminous bodiei, occasionally 
al^adng, and {^eraUy ia the part of the hei^vens, 
not fiir from the sun* They are not so bright as the 
^an^ but have somewhat ()f a nebuloun appear^ance* 
They do not appeiir long tog^tlpr i some are seen 
only for a few days^ and . those that appe&r longest, 
only for a few months. It is probable tbst they re- 
ceive their light from the sun» although this cannot 
b;e exactly proved. In the direction of their motion 
about the sun, they differ from the planets, some be- 
ing direct, and others retrograde. Their paths, with 
respect to the ecliptic, are also very different : some 
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move in a direction nearly perpendicular to it. But 
the most striking phflenomenon, and what makes them 
objects of attention to all mankind, is the tail of light 
which they often exhibit. When approaching the* 
sun, a nebulcms tail of light is seen to i^iie from them 
in a direction' opposite to the sun : thisi, after having 
increased » again decreases till it disaj^ears. The stars 
are visible through it. 

155. Very many comets have been recorded in hfs- 
tory ; the mc^ions of at least one hundred have been 
computed. It may be sufficient to observe here, that 
they move about the sun in eccentrfc ellipses, the sun 
being in one of the foci. The other consid^ations of 
their orbits and motions, are deferred till after theac^ 
count of the discoverks of Kepler. Little would have 
been known on this subject bi!it for the discoveries of 
Kepler and Newton ; and although the discoveries 
of Kepler might by analogy have led to a knowledge 
of the motion of comets, yet nothing of consequence 
was done till Newton himself illustrated the subject; 

15^; The appearance of one comet has been seve- 
ral times recorded in hfst^y, viz. the om^t of 1689. 
The period of this eomee is 575 years. It exhibited 
at Paris a tail 62^ long, and at Constantinople one of 
90^. When nearest the sun it was only \ part of the 
diameter of the sun distant from his surface; when 
farthest, its distance exceeded 138 times the distance 
of the sun from the earth. 

15f. When the theory of die motion of comets was 
understood, I>r» Halley examined the comets that Ijad 
been previously recorded in history, and been ob- 
served by astronomers. In general, he found the 
cixfcumstances so vaguely deliWred, or the obsejva* 
tions so inaccurately made, that he was abl6 to deier^ 
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mine with much probability the identity of only one 
comet He supposed also that the comets observed 
in 15S2 and 1661 were the same, and, that therefore 
it might be expected again in 1789; but it did not 
appear. ^ However Dr. Halley was very doubtful of 
their identity, on account of the imperfection of the 
observations of Apian in 1 552. Farther notice will 
be taken of this, when we mention more particularly 
.the return of comets. The comet, which Dr» 
Halley predicted with a degree of confidence, return- 
ed in 1759. It had been previously observed with 
accuracy, in 1682 and 1607, and had also been no- 
ticed in 1531, 1456, and 1305. Its return was anx- 
iously looked for by astronomersj ' and some curious 
circumstances attending it will be afterwards noticed. 
With what satisfaction it was received by the scienti- 
fic part of mankind may easily be conceived, and 
how strikingly contrasted with the reception of the 
same comet in 1456, when all Europe beheld it with 
fear and amazement. The Turks were then engaged 
in the successful war, in which they destroyed the 
Greek empire; and Christians in general thought 
their destruction portended by its appearance. We 
may be nearly certain that this comet will re*appear 
again in 1834. 

158. With respect to the tails of comets, little sa- 
tisfactory can be offered, in recording the various opi- 
nions on this subject. According to Sir Isaac New- 
ton, they arise from a thin vapour, Sjent out from the 
comet, by the heat of the sun, and supported in the 
solar atmosphere. 

This hypothesis has been controverted by several 
authons, and very ably by Dr. Hamilton, late Bishop 
of Ossory. 
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Dr. Hamilton supposes the tails of comets, the 
aurora barealis, and the electric fluids to be matter 
of the same kind* He supports this opinion by 
many strong arguments, which are found in his inge^ 
nious essay on tiie subject. According to his hypo- 
thesis, it wouLi follow, that the tails are hollow; 
and there is every reason to suppose this, from the 
scarcely perceptible diminution of the lustre of die 
stars seen thr.ugh t)i( m. He supposes that the 
electric matter, which continually escapes from the 
planets, is brought back by the assistance of the 
comets. 

But much is yet to be known on this subject Ob- 
jections may be made to his hypothesis, although so 
.ingeniously supported. According to the opinion of 
Kepler, . the rays of the sun carry away some gross 
parts of the comet, which reflect other rays of the 
sun, and give the appearance of a tail. 
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CixAP% IX* 



Considerations on the Solar System and Fixed St€h^ 



159. MANY of the principal phaenomena have 
now been examined, and the chief steps gone orei^ 
by which we arrive at the true arrangement, and .mo- 
tions of the bodies, that, on first viewing the hea« 
▼ens,^ are considered as all placed in the imaginary 
concave surface. The true motions have been dis^ 
tinguished from the apparent, and the magnitudes of 
the sun, moon, and planets have been ascertained, 
as also their situation with respect to the planet oh 
which we h've. This arrangement, that, with refer- 
ence to the Sun, ought strictly to be called the Solar, 
is usually called the Copernican system. To give due 
honour to the memory of the discoverer, this name 
ought to be preserved j but, in retaining it, especial 
care should be taken, that the name attached may 
not occasion it to be ranked as a system of conjecture. 
It is not a system of fiypothesis, but the system of 
nature. 

160. The next steps in the science are the consi- 
derations of those observations, by which the mo- 
tions of the celestial bodies may become more accu- 
rately known. An accurate knowledge of the laws 
of their motions is necessary, to point out their 
places at any future period, and predict those phaeno- 
mena which are a source of deh'ght to the learned, 
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9Bd of fe»r to the ignorant. Long since mankind 
applied the motion^ of the celestial bodies to assist 
the sciences of Geography and Navigation. In mor^ 
piodern ti(nes it has been found, that the improved 
state of thesi^ sciences requires a most accurate kno^n^ 
le^ge of the places and motions of those bodies^ 

This has called the attention of astronomers and 
mathematicians to more particular exei^ions, and we» 
probably, owe thereto m$Xky most valuable discove- 
ries, which, although not magniiScently strikii^, mt 
such as the mind must dwell upon with much plea* 
sure; and which, perhaps^ without the motive of 
utility, the love of science might not have iuvesti-* 
gated Before we proceed to these parts, let us take 
a short review of the Solar or Copemican system» 
and of some circumstances* connected therewith, 
whicb» if not equally certain, are many of them highly 
probafafo* 

1161. The earth, a spherieal body of vast magni* 
tude, when measured by our ideas, revolves on an 
axis in 2^^ 56V successively exposing its difierent parts 
to the light and influence of the aun» i^bout which U 
moves annually in an orbit nearly droular, to which' 
its axis is inclined at an angle of 66^ 92*, and hy its 
inclination jcausing the changes of seasons. It is at- 
tended by the xofion, a spherical h^dys the magnitude 
of which is ^'^ that of the earth, and which, moving 
round the earth in a month, is carried together with 
it annually about the sun. The moon, by aflbrding 
light during the absence of the sun, and by moving 
the waters of the ocean, is of great utility to the. in- 
habitants of the earth. Yet we must not judge that 
for these causes solely the moon was formed : doubt- 
less much weightier causes lie hid in the counsels of 
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the Almighty, some of which at a future day it may 
be permitted to man to know. We perceive that in 
many respects it differs from the earth : it revolves 
about its axis in a much longer period : it is nearly 
destitute of an atmosphere: the irregularities of its 
surface are much greater than those of the earth: 
and probably it has no fluids on its surface similar to 
our own. 

162. But the planets which revolve about the sun^ 
we may consider as serving the same ends in the 
creation, as our earth. In them we contemplate the 
noble spectacle of ten great bodies, revolving toge- 
ther viLth the earth round the sun, at different dis- 
tances, and in difierent periods, but preserving a cer- 
tain relation between their periods and distances. 
Of which Ceres, Pallas, Juno, and Vesta, are fiur less 
than the earth, but perform their revolutions round 
the sun, by precisely the same laws as the othf r pla- 
nets.* Mercury and Mars are also less than the earth. 



* Tlie Tery smaU magnitudes of the new planets Ceres and Pallas, 
amd their nearly eqplal distances from the sun, induced Dr. Olbers, who 
diaoorered Pallas in 1802 nearly in the same place where he had ob- 
served Ceres a few mon&s before, to conjecture that they were the 
fragments of a laxger planet which had, by some unknown cause, been 
broken in pieces. It fo ows from the law of Gravity, bj which the pla- 
nets are retained in their orbits, that each fragment would again, after 
every revolution about the sun, pass nearly through the place in which 
#ie planet was when the catastrophe happened, and b« sides the orbit of 
each fragment would intersect the continuation of the line joining this 
place and the sun. Theiice it was easy to ascertain the two particular 
regions of the heavens through which all these fragments would pass. 
Also by careAilly noting the small stars thereabout, and examinii^ 
them from time to time, it m'ght be expected that more of the fri^- 
m^nts would be discovered.— Mr. Harding discovered the planet Juno 
in one of these r^ions, and Dr. Olbers himself also, by carafidly exa- 
mijiiDg ttktm from tune to time, discovered Vesta. 
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mnd Venns nearly equal. Jupiter, Saturn and the 
Georgium Sidus are considerably larger. Jupiter baa 
tour bodies carried with him round the Sun, and, 
as far as we can judge, subservient to the same ends 
as our moon. Saturn has seven, besides a double 
ring of stupendous dimensions ; of the use of this, 
our limited knowledge will not permit us to judge; 
we can only perceive that it must, by its light, bt 
most grateful to the inhabitants €)£ the planet The 
Georgium Sidus, so lately pointed out to our view, 
although in surface sixteen times, and in magnitude 
sixty-four times, larger than our earth, has six satdi- 
lites visible to us ; and their number will probably 
be increased with the goodness of our telescopes. 

163. In all these bodies, judging from analogy, 
probably the same admirable varieties of animate 
and inanimate beings are exhibited which we behold 
on this earth. We know that several of them revolve 
on their axes, thait their time? of revolution are. not 
very- different from that of the earth, and that they 
are surrounded by atmospheres. Mars and Saturn 
have nearly the same variety of sieasons as the earth. 
Jupiter considerably less. Venus has an atmosphere 
and mountains, and revolves on an axis. 

We have no argument against the planets being 
inhabited by rational beings, and consequently by 
witnesses of the Creator's power, magnificence and 
benevolence, unless it be said that some are mudi 
nearer the sun than the earth is, and therefore mnst.be 
uninhabitable from beat, and those more distant from 
cold. Whatever objection this may be against their 
being inhabited by rational beings, of an organisation 
, similar to those on the earth, it can have little force, 
when urged with respect to rational be: .igs In general; 
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But we VMy exAmiAe» wiitbout indulging too mucb 
in conjecture, whether it be not possible that the 
planets may be possessed by rational beings, and 
contain animals and vegetables, even little difik*ent 
fiom those with which we are familiar. 

164. On our earth the influence of the sun causes 
the heat of summer, and, from its absence, the cold 
tS winter takes place ; but is the sun the principal 
cause of the temperature of the earth ? We have 
reason to suppose that it is not. The mean tem- 
perature of the earthy at a small depth from the 
surface, seems constant in summer and in winter, 
and is probably coeval with its first formation. The 
sun, by its influence, appears only to change the 
temperature at its surface, where heat is accumu* 
iated on account of the matter of the earth not sni^ 
fihring 6 farther transmtasinm r this heat disappears 
in. a variety of ways, by forming vapour^ and ao 
becoming latent,^ by being conducted to the adjacent 
bodies, by coming into contact with cold air, &c. 
ao that when the sun in winter remains only for a 
short time above the horiaon, shines through a dcBr 
scr medium, and mora oUiquely, the coiisamplioci 
of heat is graater than the supply, and the ooU of 
InhMr comes on. We may jdao suppose that^ the 
matter of heat does not actually pass to us &om the 
sun, but i^ only iractricated, aa it were, by hia influ-» 
tece from substances ia which it ia compounded; 
^r otherwise the temperature of the earth, ^either 
atthesur&ce^ or at a small dqpth from it, must be 
continually increasing, and that incnease in a few years 
become sensible; since we know of no way for the 
Jheat which assists vegetation, which unites wkh fluids, 
Acr t^ pa«i off firom the earth again. Besides heat 



ELfiMSKTS OF ABTItOKOMY* 1^ 

wtema to Miit in « 8tttte of combination in ^ttch 
proRision, that it requires only to h% decomposed 
to answer every parpose. Is it not then unne« 
cessary to have recourse to a continual suppiy 
from the sun ; aild may we not oonceiTe, with some 
degree of probability, that in all the planets of Our 
system, the^ temperature may be such. as. not to be 
inconsistent with a creation of animals and yegeta- 
Ues not very dissimilar to' our owi;i ? And this, with- 
out appearing to limit the diversify of works in the 
universe, which v^^ certainly are not authorised to 
do; for, wherever our senses or the deductions of 
reason can reach, we are sure of findii^ endless 
variety. 

16^. At the planet Mercury, the direct beat of the 
sun^ or power of causing hea^ is six times gireatw 
than with us« If we suppose tbe meaa. ^mperaturt 
of Mercuty to be the same tMS of the eardi, and Uie 
planet to be surrounded withanatmpspbere» denser 
than that of the earth, less capable of transmitting 
heat, or rather the influence of. the sua to intricate 
lieat| and at the same time more readily conducting 
it to keep up an evenness of temperature, may we 
not suppose the planet Mercuij^ fit for the habitation 
of men, and the production of vegetables similar 
to our own? 

At the Georgium Sidus, tb^, direct inftuenoe of 
the sun is S60 times less than at the earthy and the 
sun is there seen under an angle not ^u(^ greats 
than that under which we behold Yews, when 
nearest* Yet may not the mean temperature of the 
Georgium l^dus be nearly the same as that of the 
earth? May UQt its atmosphere more easily transmit 
the influence of the sun, iand may not the matter of 
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hett be more oc^Hously oonibined, and more readily 
extricated, than with U8 ? Whence changes of sea- 
ions similar to our own may take place. Even in 
the comets we may suppose no great change of tem- 
perature takes place, as we know of no cause which 
will deprive them cH their mean temperature^ and 
particularly if we suppose that on their approach 
towards the sun, there is a provision for their atmo- 
q[>here8 becoming denser. The tails th^y exhibit, 
when in the neighbourhood of the sun, seem in 
some measure to countenance this idea. 

We can hardly suppose that the sun, a body three 
hundred times larger than all the planets together, 
was created only to preserve the periodic motions;^ 
and give light and heat to the planets. Many astro- 
nomers have thought that its atmosphere is only 
luminous, and its body opaque, and probably of the 
same ccmstitntion as the planets. Allowing there- 
fore that its luminous atmosphere only extricates 
heat, we see no reason why the sun itself should not 

be inhabited. 

166. Our knowledge of the fixed stars must be 
much more circumscribed than of the planets ; we 
can, bowisver, ascertain enough to be assured that 
our systein isa portion of the universe most minute 
indeed. The fixed stars, we have seen, are at immea- 
surable distances from us, at distances compared with 
which the whole solar system is but a point. Their 
diameters are less than we can measure, yet their light 
is more intense than that of the planets. We con- 
clude, therefore, that they are self-shining bodies, and, 
according to a high degree of probability, like our 
sw, the centres of planetary systems. Admitting 
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this, tbe multitudes of fixed stars, that may be discso-. 
yered with the most inferior telescopes, shew us aa 
extent of the universe, that our imagination can 
scarcely comprehend; but what is even this, com^ 
pared to the extent that the discoveries and conjee^ 
tures of Herschel point out ? 

167. We cease to have distinct ideas, when we 
numerate by ordinary measures the distances of the 
fixed starsf and we require the aid of other circum- 
stances to enable us to comprehend them. Tbus^ 
we compute that the nearest of the fixed stars is so 
far distant, that light will take above a year in com- 
ing firom the star to the earth ; that the light of 
many telescopic stars may have been many hundred 
years in reaching us ; and still farther, that, accord- 
ing to Dr. Herschel, the light of some of the ne- 
bulae, just perceptible in his forty-feet telescope, has 
been above a million of years on its passage. 

168. We know, firom the eclipses of Jupiter's sa- 
tellites, that the velocity of light is so great, that it 
takes only about eight minutes in travelling from the 
lun to the earth ; while the earth itself, moving with 
its velocity of nineteen miles in a second, would take 
nearly two months to pass over the same space. We 
ako know, as will be explained farther on, that the 
light of the fixed stars moves with the same velocity 
as the reflected light of the sun. Hence, as we are 
certain that the distance of the nearest of the fixed 
stars exceeds 80,000 times the distance of the sun 
firom the earth, the distance of the nearest star is such, 
that light must be above 400 days in passing from it 
to the earth. 

169. The limit of the distance of the nearest fixed 
^tar may be considered «i well ascertained ; but any 
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thing advAAo^ with respect to the distances of the 
others, mast be in a manner conjectural. 

The brighter fixed stars have been supposed to b^ 
nearer to us than- the rest. Besides their superior 
lustre leading to this conclusion, many of them were 
discovered to have small motions called proper mo^ 
turns I that only toukl be explained by supposing 
them to arise from a real moticm in the stars them* 
selves, or in the sun and solar system, or from a mo- 
tion compounded O^f* both these circumstances. 

Now whidieter of these suppositions was adopts, 
it was reasonable to suppose^ that the cause of lii^ 
smaller stars not appearing to be aflected, co^ld only 
arise from the greater distance of those stars. How-^ 
ever it is now astertaihed that sottte of the smaller 
stars appear to have proper motions, much greater 
than those of the brighteiit i^tars. 

Hence cotickisions dedaoed from the prop^ mo- 
tions of thd bright stars, respecting the relative dis- 
tances of those stars must tend to weaken conclusionik 
that might be deduced from their brightness and ap^ 
parent magnitudes. 

There is a double star of the 6th magnitude, th6 
61st star of the constellation of the Swan, vtrhich c^on^ 
sists of two stars, within a few seconds of each other. 
Each of these stars are moving nearly at the i^amfe 
rate, at the rate of about 6" in a year. It is likely they 
are also moving about their comihOtt centre of gra- 
vity. At present they preserve nearly the sam6 dis- 
tance from each other. This proper motion is far 
greater than has been observed in any of the brighter 
stars, or indeed in any star.- It might b© supposed, 
on this account, that these stars (61 Cygni) are nearer 
to us than the brighter stars. To ascertain this point, 
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I have made observations of the zenith distances, at 
the opposite seasons* to endeavour to discover any 
sensible parallax in these stars. But there appears 
to be no sensible parallax. Mr. Bessel has compared 
these and some of the neighbouring stars by observa- 
tions on the right ascensions, and found no sensible 
parallax. Still the arguments formerly adduced, for 
the brighter fixed stars being nearer to us, are consi- 
derably weakened by the great proper motions ob- 
served in some of the s;naller stars. 

The star 40 Eridahi has a proper motion of about 
4 seconds in a year. The annual proper motion of 
Arcturus is about 2 seconds. 

In many of the stars there is no proper motion 
perceptible. 

Besides the proper motions, it has been remarked 
by Dr. tierschel, that in several instances, the line " 
joining two stars very near together, changes its po- 
sition. 

This is in some cases explained by a proper mo- 
tion in the brighter star; in other cases it seems to 
indicate the. revolution of one star round another. 
The double star Castor is a striking instance : during 
the last fifty years, the line joining the two stars, 
whicli are about five seconds asunder, has had a mo- 
tion of rotation at the rate of about a degree in a 
year, while the interval between the stars has remain- 
ed nearly the same. Of the three circumstances 
which explain the apparent motion of a star, that 
which supposes it to arise from a combination of the 
motion of the solar system and of the star is most 
probable. The sun and nearest fixed stars are pro- 
bably all in motion round a centre, the centre of 
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gravity, perhaps of a nebula^ or cluster of stars, of 
which the sun is one, and the milky way a part, as 
Dr. Herschel supposes, while this nebula revolves 

"^ j^rjth other nebulas about a common centre. 

170. The direction of the motion of our system 
cannot with certainty be ascertained, because^ from 
the whole motion we observe in a fixed star, we 
haye nothing to help us in assigning that which be- 
longs to the sun. Dr. Herschel has particularly 
considered this subject (Phil* Trans. 1805 and 
1806), and has concluded th^t our sun is moving to- 
wards a point in the constellation Hercules, the de- 
clination of which is 40S ond right ascension 246^. 
His arguments are very ingenious, but there is ne- 
cessarily so much hj'pothetical in them, that the 
mind cannot feel much confidence in his conclusion. 

. That our system is in motion, there can be no doubt ; 
the^difficulty is to ascertain the precise direction and 
velocity^ and from the circumstances* of the case^ 
there seems to be little probability that the know- 
ledge will ever bq here attained to by man. 

Dr. Herschel conjectures that the distances of the 
fixed stars are nearly inversely as their apparent 
magnitudes. From thence, and a train of ingenious 
reasonings relative to the faintest nebuke discoverable 
by his 40 feet telescope, he has concluded that th^ 
distances of these nebula? are so great, that light issu- 
ing from them must have been ^wo millions of years 
in reaching the earthj But the recent discoveries 
relative to the proper motions of the smaller fixed 
stars must, as has been said, in some measure weaken 
the conclusions formerly adopted respecting the rela- 
tive distances of the fixed stars. The discoveries of 
Dr. Herschel have alsp made ms acquainted with 
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many nebulae, which are not resolvable into stars^ 
but apparently formed of luminous matter, gradually 
condensing, by the principle of universal attraction, 
into masses, as if about to forfn the suns of future 
systems. Distant ages only can appreciate these 
conjectures. 
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CHAP. X. 



' Observations Jbr aseertaining the Dedinatum-'^Dis^ 
tance of the Pole from Zenith'^Obliquity of Ecliptic 
— Right AstensioTL 



171. PREVIOUSLY to a more minute statement 
of the motions of the celestial bodies, it will be ne- 
-eessary to give some account of the nature of the 
principal observations, by which diese motions are 
ascertained, and of the instruments by which the 
observations are made. 

The most important observations, and which ad- 
mit of the greatest accuracy, are those for the de- 
clination and right ascension. Having obtained the 
declination and right ascensi<Hi, or the position 
with respect to the celestial equator, we can by 
spherical trigonometry obtain the longitude and lati- 
tude, or the position with respect to the ecliptic. 
The latitude and longitude of any of the bodies of 
the solar system, as they would be observed from 
the centre of the earth, are called their geocentric 
latitude and longitude. 

The tables give the distance of the body from the 
sun, and its place, as seen from the sun, or its 
heliocentric longitude and latitude^ from whence we 
can compute its geocentric latitude and longitude, 
and compare them with those observed. 
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I?2. The declination of an object is best found bj 
observing its distance^ when on the meridian, firom 
the zenith or from the horizon* Either of these 
distances being found, if we previously know the 
distance of the pole &om the zenith of the place, 
we find by addition or subtraction the distance of 
the object from the elevated pole, and consequent- 
ly its declination. Thus let HESZPO 
Fig. 24f. represent the meridian, HO the horizon^ 
E, S, Z, P the places of the equator, 
object, zenith and pole; we observe HS or SZ in 
the way that will be presently shewn ; and if we 
have ZP, we easily obtain SP, the polar, distance^ 
or '£S the declination. There is an advantage in 
using the polar fdistance instead of the declination, 
because in the former there is no ambiguity; but 
when the declination is used, it is necessary to note 
whether it be north or south. Accordingly many 
astronomers use in their catalogues of stars north 
polar distance instead of declination : thus, if the 
declination be SO*" S. its north polar distance is 110*. 

It must be understood, that the zenith distance 
or altitude observed, is to be corrected by refittction, 
and by some other small quantities* as sometimes by 
parallax, to redtice it to what would be observed' at 
the earth's centre, by aberration of light and nuta- 
tion of the earth's axiis;- which corrections will be 
explained hereafter, and are usually obtained from 
tables. 

17S. The distance of the zenith from the pole h 
found by observing the zenith distance of a star 
that does not set, when on the meridian above and 
below the pole : thus let ZR be the zenith distance, 
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cprrected for irTefractiony of a star,. whei;i above the 
pole, and Zr the zenith ()istaD€^« <:(Qrr^0(r' 
Fig. 24- ed for Irefraction, vhen below jthe poiU i 
then ZP=ZR+RP and ZP=Zr-r-rPs? 
Zr— RP. Hence 2ZP=:ZR+Zr. PO, as we 
have seen (art. 39), is equal to the latitude of the 
place, and therefore ZP is the complement of lati* 
iiide» Hence the observations for asc^ertaining the 
distance of the pole from the zenith, give us t|ie 
latitude of the place of observation. 

By repeating this observation for the same stgr^ 
and for different stars, a great many times, the dis« 
tance of the pole .from the zenith may foe had with 
great exactness, that is, with good instruments, to 
less than a second. This element bein^ once esta- 
blished, we are enabled, as stated above, to obtajin 
by observation the declination or polar djstanpe .of 
any celestial phaenomenon. It is necessary in this 
mode of observation to know with some degree of 
eajiActness when the plgefct is at the ineridiap ; t)iis wifl 
be explained hereafter. 

174. The declination of an object may aI|M^ \^ 
obtained by observations made out of the meridiap : 
Thus, if we observe the distance froi^i ^he ^pith 
ZF, and azimuth FZP, and know ZP, we ob^in^ by 
(he solution of the spheripal triangle ZPFt PF tb? 
polar distai}f;e : or if ZF be observed^ ^d we knqw 
ZP and the angle FPZ (known by the distance ja 
time of the body from the n^^Tidiau) ^p can com- 
pute FP : but the instrumepts^ reqi^ir^d to mal^^ 
these double' observations, are too cp^iplicated ui 
their poi)str|iGtion to Ve ¥^p4 with ^^vap^g^ m 
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making very accurate observations ; to which may 
be added the inconvenience in . computing the 
effects of parallax and refraction. Refraction and 
parallax, when the body is in the meridian , only 
affect the declination ; they affect both right asceiH 
sion and declination, when the body is not in the 
meridian. 

175. There is also a method of obtaining both the 
declination and right ascensr<^n at the same tim^ 
by an instrument called an eqttator^l instrument.* 
'A.Ithough this, when well ex^uted, i» a very valu- 
able instrument, yet being complicated, and admit* 
ting of less precision for the declination than by the 
method described, it will not be necessary to dwell 
upon it here. It may, however, be proper to re^ 
mark, that sometimes objects, of faint light, such as 
comets, pass the meridian in day Hght, ahd cannot 
be then observed ; for these an equatorieal instrument 
is very convenient. A very advantiageous method 
of ascertaining the right ascension and declinatioa 
of such objects, is by observing^ with a micromete]% 
the differences of right ascension and declination 
between the object and a neighbouring fixed star: 
the position of the latter is previously known, or 
may be observed at leisure* 

176. In computing the longitude and latitude of 
an objieet, from knoiving its right ascension and d^ 
clination, we use the obliquity of the ecliptic. The 
obliquity of the ecli^tiic is found by observing the 
gireatest declination of the sun/ If many dcclina- 

« 

* Firafessor Vince*8 Practical Astronomy. See also a description of 
one made for Sir George Shuckburgh, J^hiL Trans. 1783. 
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tions be obferred when the sun is near the solstice^ 
each of these may by a small correction be reduced 
to the declination at the solstice and the mean of 
all taken. The advantage of this is, that the declina- 
tion obsenred within a few days of the solstice may 
easily be reduced to the greatest declination^ with- 
out knowing with great accuracy the right ascension 
of the sun. The summer solstice is to be preferred 
to the winter one, on account of refraction being 
more uncertain at lower altitudes. 

177. To ascertain the right ascension of an ob» 
ject, it is necessary to find the arch 6f the equator 
intercepted between the first point of Aries and a 
secondary passing through the object : for this pur- 
pose we make use of a portion of duration , called 
sidereal time. The whole concave suriface revolves 
uniformly in twenty-four hours of sidereal time, 
(art. 14) and any portion of the- equator is measured 
by the sidereal time elapsed between the passages 
of its extremities over the meridian : thus the extre- 
mities of an arch of 15* pass the meridian at an 
interval of one hour. Hence we conclude, that the 
diiBPerence of right ascension of these extremities is 
15^ or one hour: so that the right ascension of any 
object is measured by the portion of sidereal time 
elapsed between the passages or transits of the first 
point of Aries (the intersection of the ecliptic and 
equator), and of the object over the meridian. 
Hence if a clock be adjusted to shew twenty-four 
hours during the rotation of the concave surface, 
and commence its reckoning when the first point 
of Aries is on the meridian, it will shew the right as- 
cension of all the points of the concave surfiice on 
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the meridian at any time ; and all that is necessary 
to ascertain the right ascension of any object, is to ob- 
serve the time shewn by the clock when that object 
passes the meridian. This time is the right ascea- 
sion, and being multiplied by 15, gives the right as- 
cension in degrees, &c. 

The instrument by which the time of the transit 
over the meridian is accurately observed, and the 
manner of observing it» will be presently explained. 

178. The intersection of the ecliptic and equator 
not being marked on the concave surface, we must, 
for regulating the clock, make use of some fixed star^ 
the right ascension of which is known: the clock 
may be put nearly to sidereal time, and the exact 
time being noted when a star, the right ascension of 
which is known, passes the meridian, the error of the 
clock will be known. Thus, if the clock shew l^ IS* 
14'', when a star, the right ascension of which is 1^* 
IB' 10', passes, the error of the dock will be 4', and 
every right ascension observed must be corrected by 
this quantity; 

179. It is evident then, that the right ascension of 
some one star being known, the right ascension of the 
rest may be obtained with much facility. The me- 
thod which follows, has been used by Mr. Flarostead, 
and by astronomers in general, to obtain the right as- 
cension of « Aquilse. 

When the sun between the vernal and autumnal 
equinoxes has equal declinations, its distances in 
each case, from the respective equinoxes, are equaL 
We can ascertain when the sun has equal dedina* 
tions, by observing the zenith distances for two or 
three days, soon after the vernal equinox, and for 
two or three days about the same distance of time 
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b^re the autamnal, and then, by proportion, asoer* 
tain the precise time when the declinations are equal : 
at these times also we can ascertain, by proportion, 
the difllrences of the right ascension of the sun and 
some ittar, by observing the difleroices at noon for two 
or three days. Let 

£==the right ascension of the sun, soon after the 
vernal equinox, then 180** — E=the right ascension 
before the autumnal, when it has equal declination. 

A s= the right ascension of the star in the former 

instance. 

A+p=the right ascension in the latter. 

We obtain by help of observations A — E and 
(180— E)— (A+p). Let these differences of right 
ascension be D and D', that is, 

A— E=D 
and (180 — E)— (A+'p)=:iy. Ffom which we can 
determine £ and A. For, adding these equations 
;80«-2E-i>=D+D' or E= '80^-(D+D)-P 

and thence A=D+E is known. Tho value of jp 

arises from the change of right ascension of the star 
in the interval between the times of equal declina- 
tions, and is therefore known from the tables of pre- 
cesMon and aberration, &c; 

This kind of observation may be repeated many 
times for the same star between two suceedsive eqni* 
Boxes, and likewise in difibrent years ; and, by tak- 
ing a mean of mttiy vesuks^ great precision will be 
Stained* 

The advantage of this method is, that the sun's ze- 
nith distance being the sameat the two times of eb- 
iervation, pwbably, any error in the instrument will 
equally afifeot each zeuith distMce ^ and thereibre hfc 
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cmi exactly find vfhen the declinations are the same^ 
iaUfaougk we werenotableto observe the declination 
Itsdf wUh die greatest accnracy. 

180* The confitruction of clocks for astronomical 
purposes has arrived at such a degree of perfection, 
Aaty for many months together, their rate of going 
can be depended on^ to less than a second in twenty- 
four hours* This accuracy has been obtained by the 
niqe execution of tiie parts, in consequence of which 
the errors from friction are almost entirely avoided, 
andff by using rubies fpr the socket^ and pallets, where 
the action is most incessant, the effect of wear Is al- 
most entirely obviated. But the priqcipal source of 
accuracy is the construction of the pendulums, which 
are so contrived, that even in the extremes of heat 
and cold they remain of the same length. This is ge- 
nerally effected by a combination of rods of two dif- 
ferent metals, differing considerably in their expan- 
sive powers. They are so placed as to counteract 
each other's effects on the length of the pendulum* 
Formerly brass and steel were used, the former ex- 
panding much more by heat than the latter. In this 
construction nine rods or bars were placed by the 
>sideofeach other, and the pendulum, from its ap- 
pearance, was called a gridiron pendulum. A com- 
position of zinc and silver is now frequently applied 
instead of brass, on account of its greatejC expansion, 
by which five bars are made to serve. Other con- 
structions are also used, for preserving the same 
length in the pendulum, but not so commonly. 

181. A clock of this description is absolutely ne- 
cessary for an observatory. It is regulated to sidereal 
time, and the hours are continued to twenty-four, 
beginn^lg when the vernal intersection of the eclip- 
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tic and equator is on the meridian ; and not like com^ 
mon clocks, at noon. But however well executed 
the clock may be, it is depended on only for short in- 
tervals; the time it shews being ekamined by the 
transits of fixed stars, the right ascensions of which 
have been accurately settled. For this purpose the 
right ascensions of thirty-six principal stars were de- 
termined with great exactness by Dr; Maskelyne. Se- 
veral of these may be observed every day, each ob- 
servation pointing out the error of the clock; and 
the mean of the errors will give the error more exactly. 
Nothing more then is necessary for determining the 
right ascension of a celestial object, than to observe 
the sidereal time of its transit by the clock : that 
time, being corrected, if necessary, by observations 
of the standard stars, is the right ascension. 
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CHAP. XI. 



Methods of ascefiaining minute portiom cf Circular 
Arches'^Astronomical Qjiadrant — Zenith Sector-^ 
Circle^'^nd Transit Instrument-^JUethods qfjbid^ 
ing the Meridian. 



182. AS the arches or limbs, as they are called, of 
astronomical instruments, are seldom divided nearer 
than to every five minutes, it is necessary briefly to 
explain the methods by which smaller portions may 
be ascertained : there are three methods now princi* 
pally used, 1. by a vernier ; 2. by a micromeier screw i 
S. by a microscope. 

183« The first method is of more general use 
than the other two, and is applied to a great variety 
of philosophical instruments. It is named after its 
inventor. It will be easily understood by an in- 
stance. Let the arch It be divided into equal parts, 
K, hm^ mnt np, &c. each 20', and let it be required 

to ascertain smaller portions, for instance^ 
Tig. 25. the distance of P fix>m pA. Let another 

circular-arch, called the vernier, 7^ long, 
slide upon the arch It, and let it be divided into 

twenty equal parts, that is, each part s= -55— = 21'. 

If these parts be &r, cd^ de^ &c« then the diviiion d 
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coinciding with the division m, the division c will be 
(21' — 20') or l' beyond the division n ; the division 
h 2' beyond the division j^, jcc. So that in this way 
we ca^ ascertain portions of l', 2', &c« although the 
arches themselves are divided only into portions of 
20'. To apply this, suppose it were required to as- 
certain the distance of P from jp A : let the vernier 
be slided till its commencement h coincides with P, 
theft, it will be seen what division of the vernier Co- 
infijdfis with a division of the. limb: the divisions of 
the vernier areTmnibered from ic& beginning 0, 1, 2, 3,^ 
&C. The number of the coinciding, division (£ the 
vernier will, it is manifest, shew the distance of the 
commencement of the vernier from the division on 
the limb or PA. In the application of this instru- 
ment to astronomical purposes, the vernier is so at- 
tached, that its commencement or point of Zero, as 
it is called, is always brought by the process of mak- 
ing the observation to the point from which the read- 
ing is to be made. In other applications, in the ba- 
rometer for instance, the commencement of the ver«- 
nier is to be moved to that point.- 

This method of ascertaining the extent of small 
arches is more frequently used, where the measure- 
ment is only to be made to the nearest minute, but 
it may be readily applied to ascertain^ much smaller 
portions. Thus, if the limb be divided into por- 
tions of 20', and a vernier=19*' 40' be divided into 
sixty parts, each of these parts will be 19' 40' ; and 
therefore an interval on the limb exceeds an interval 
on the vernier by 20", aiid so a space of 20" is ascer- 
tained. 

Again, if the limb be divided into parts of 5 
miimttti'eacli^. and a vernier =s4S 55' be divided into 
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sixty parts, each of these parts will be 4' 55"; and 
therefore an interyal on the limb exceeds an in- 
terval on the vernier by 5'\ 

IM, To ascertain still smaller portions, a micro- 
meter screw answers better i which is a very fine 
screw, requiring to be well executed, so fine that 
the interval between two threads is sometimes €iolj 
the ^jj of an inch. A circular head is fixed to this 
screw. This head is divided into equal parts, liie 
whole being the number of second;^ answering to the 
interval between the threads. This screw is attach- 
ed to the part of the instrument carrying 
Fig. 25. the point P, moves at right angles to the 
radius, and is to be turned till the point P 
coiuqid^ with A. The number of complete revo- 
lutions, and the part of a ^revolution will give the 
seoonds in P A. 

185. The above is very convenient and exact, but 
it yields to Mr. Ranisden's method, by microscopest 
in whicl^ the image of the arch, aiud of the point P 
is formed in. the focus of a compound ipicixiscopis, 
the axis of which is perpendicular to the plane of 
the limb: a wire in the focus of this microscope is 
moved by a micrometer screw, and made to pajui 
successively over the images. of the points P and A^ 
and the motion of the screw shews the interval. 
The advantage of this method arises from the dis- 
tinctness and magnitude of the image in the microsh> 
cope. The exact coincidence also of it with the wire 
in the focus assist much the accuracy of observation. 
This application of microscopes is justly considered 
as a very valuable improvement in astroDomical ia- 
struments. 
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The Astronomical Quadrant f 

186. For measuring zenith distances, is moveable 
on a vertical axis, or fixed to a solid wall in the plane 
of the meridian. In the latter case it is called a 
mural quadrant* The telescope^ which is moveable 
about the centre of the quadrant, has an index, usu- 
ally a vernier, fixed to it, and moving on the divided 
arch of the quadrant; The plane of the quadrant 
being perpendicular to the horizon, and in the same 
vertical circle as the object, the telescope is moved till 
the object appears near the centre of the field of 
view, touching or bisected by a wire, placed in the 
principal focus of the telescope, parallel to the hori- 
zon, or at right angles to the plane of the quadrant. 
The arch then between (o) on the vernier, and the 
lowest point of the quadrant from which the divi- 
sions commence f (p) of the arch^, shews the zenith 
distance, provided the radius passing through {o) of 
the arch be vertical, and provided also that the line of 
collimation of the telescope be parallel to the radius 
passing through (o) of the vernier.' The methods of 
ascertaining the exact place of the arch, pointed out 
by (p) on the vernier, have been shewn in art 183, 
&c. The radius passing through (p) of the arch is 
generally made vertical, by help of a plumb line. 
The plumb line bisecting a point near the centre of 
the quadrant, is made to bisect another point on the 
arch, by moving the quadrant in its own plane. These 
two points are placed by the maker, parallel to the 
radius, passing through (o) of the arch. 

187. The line of collimation of a telescope, is the 
line joining the centre of the object glass, and the 
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place of the image in the principal focus : this is 
the tnie direction of the object, in which it would be 
viewed by the naked eye. Hence it is evident that 
this line ought to be parallel to the radius passing 
through («} on the vernier^ that the angle measured 
by the distance of (o) on the vernier from (o) on 
the quadrant, may shew the angle contained by a 
vertical line, and the line of direction passing through 
the object, which angle is equal to the zenith distance , 
of the object. 

Thus OP represents the plumb line passing over 

two points. The line which joins these points 
Fig. 26. is parallel to the radius CL, passing through 

{()) of the arch. The dotted line DI is the 
line of collimation, parallel to the radius C V pass- 
ing through (o) of the vernier. LV measures the 
zenith distance of the object, the image of which is 
at I. The vernier being fixed to the telescope, the 
radius CV, while the telescope moves, ' always pre* 
serves the same relative position to the line of coUi- 
mation. The position of the line of collimation must 
always be scrupulously attended to, and, if erroneous, 
must either be adjusted by moving the wire in the 
focus of the telescope, or the error allowed for j the 
latter is generally better, when the error amounts only 
to a small quantity. 

188. To enable the observer to ascertain the error 

of the line of collimation in those quadrants 
Fig. 26. that move on a vertical axis, the arch is 

continued several degrees beyond (o) as 
PS, and the zenith distance of the same* object is to 
be observed with the arch of the instrument facing 
different ways. Thus, when a star near the zenith 
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is obierved, let CT (Fig. 27. 1.) be the radius, pa- 
rallel to the line of collimation of the telescope, 
CV the radius passing through (o) on the vernier. 
Then LV is the arch read off or observed ; which is 
too little by TV. Let the quadrant be moved on 
Its vertical axis half round : the position of the above 
Ihifg will be as in Fig. 27. 2. Then that the tele* 
ntope may be directed to the same star, it must be 
moved over the arch TT', till it is parallel to its for- 
mer position CT (Fig. 27. 1.) so that L'TssLT. 
The point V is tranferred by the motion of the 
telescope to V, &c. The arch now measured is VX' 
too great by V'T'= VT. Hence 2VT (double the 
traror of the line of collimation)=difference of the 
zenith distances of the same star, observed in the 
two positions of the quadrant. 

^ 189. This method cannot be adopted for mural 
quadrants; for these another instrument is neces- 
sary. A zenith sector is used, at the Royal obser- 
vatory at Greenwich, to ascertain the errors of the 
lines of collimation of the mural quadrants..; This 
instrument is principally composed of an arch of a 
circle of a long radius, fixed to a telescope of the 
same length, passing through the centre and mid- 
dle of the arch. The instrument is suspended ver- 
tically : the telescope can be moved (the arch being 
fixed to it) a few degrees on each side of the vertical 
line, so as to observe stars within a few degrees of 
the zenith. A plumb line suspended from the cen- 
tre of the instrument, and passing over the ardi, 
shews the angle between the point of (p) at the 
telescope and the vertical line. This instrument is 
capable of having its face turned both east and west ; 
therefore, if observations of the same stars be com- 
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pared in both circumstancesi the error of the line of 
coUimation will be had as in a quadrant moving on 
a vertical axis: consequently, if observations are 
made at the same time with a mural quadrant, and 
compared with the observations made with the ze- 
nith sector, the error of coUimation of the mural 
quadrant will be ascertained. The error of the line 
of coUimation of a quadrant is not much liable to 
vary. 

190. The brief account of astronomical instru- 
ments, here given, is only intended to contain enough 
to afibrd such a general conception of their uses, that 
the observations mentioned may be understood. We 
may refer to Professor Vince's Practical Astronomy 
for a more particular account of astronomical instru- 
mepts : where the astronomical quadrant, its uses 
and adjustments, are minutely described ; as also the 
zenith sector, used at the Greenwich Observatory. 
A zenith sector* constructed for the purpose of the 
great trigonometrical survey, now carrying , oii in 
England, is particularly described in Phil. Trans.' 
ior 1803, 

191. The radius of each of the Greenwich mural 
quadrants is eight feet, and their arches are divided 
intopartsof 5' each, and, by means of the microme- 
ter screw, angles are easily ascertained to seconds of 

' a degree ; a second of a degree in these instruments 
is j^^ of an inch nearly. They were divided by 
Mr. Bird, the first artist who attained a great degree 
of perfection in the divisions of large instruments, 
and who, perhaps, has not since been exceUed. 
The quadrant facing the east, with which aU obr 
servations to the south of the zenith are made, is 
superior to the other. This instrument will always 

l2 
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be celebrated in the history of astronomy; with 
it and the transit instrument were made the nume- 
rous and valuable obsei*vations of Dr. Bradley, and 
of the late Dr. Maskelyne, that were continued 
through a space of near sixty years, and which, by 
the concurrent approbation of astronomers and ma- 
thematicians of all countries, have been adopted as 
the basis of those improvements, that have advanced 
astronomy to its present degree of perfection. 

192. The present state of Astronomy requires the 
utmost perfection in the instruments : those for zenith 
distances ought to admit of a degree of precision, 
enabling us to observe the zenith distance with cer- 
tainty to two or three seconds ; so that, by taking a 
mean of a number of observations, we may have 
the zenith distance to 1" or less. This accuracy is 
necessary to ascertain the motions of the moon to 
the requisite exactness, and to determine the effects 
of the mutual disturbances of the system, many of 
which, at their maxima, amount only to a few 
seconds. 

193. A quadrantal arc appears, at first view, to be 
all that is necessary for observing the zenith distance 
of a celestial object; a larger portion of a circle 
seems useless, and, by confining the instrument to a 
quadrantal arc, we may have the advantage of a 
much longer radius ; but experience h^s shewn that 
quadrants yield in accuracy to complete circles. 

The astronomical quadrants will probably soon 
be entirely superseded by circles.* There is reason 
to suppose that much greater accuracy will be ob- 

• For an account of astronomical circles, see Mr. Vince** Ih»ctical 
Astronomy and Fhil. Trans. 1806, part 2. 
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tained by the latter than by the former, even when 
the diameter of the circle is far less than the radius 
of the quadrant. Nearly a century ago, an entire 
meridian circle had been executed: yet there was 
nothing in this that can lessen the credit due to the 
late Mr. Ramsden, who, above twenty years ago, 
proposed to substitute the circle for the quadrant. 
The astronomical circle serves exactly the same pur- 
poses as the quadrant. Mr. Ramsden made his 
first circle, five feet in diameter, for the observa- 
tory at Palermo. Since that time several circles 
have been constructed by other artists, parti- 
cularly by Mr. Troughton. The observatory of 
Trinity College, Dublin, possesses a most superb 
circle eight feet in diameter. This instrument was 
begun by Mr. Ramsden, and finished by his succes- 
sor, Mr. Berge,^ and has been in use since the latter 
end of 1808. 



* This instrument was originally begun by Mr. Ramsden, directed 
by my predecessor. Dr. Usher, at the desire of the CoII^e, about the 
time when it was first in contemplation to substitute circles instead of 
quadrants. After furnishing one of five feet in diameter, for the ob- 
servatory at Palermo, Mr. Ramsden engaged to finish one of ten feet 
for our observatory; but most tedious delays, much indeed to be 
regretted, intervened. After having partly executed one of ten feet, 
he rejected it for one of nine feet ; and this, after tlie circle itself wa* 
actually divided, was laid aside for the present one of eight feet, which 
he left to his successor, Mr. Berge, to divide and finish, and share the 
credit due for the execution of such an instrument. In speaking of 
^is instrument, the liberality ef the Ptovost and Senior Fellows of the 
University of Dublin ought not to be passed over. With their usual 
zeal for the promotion of knowledge, they spared no expense to obtain, 
for their observatory, the first instrument of its kind : shewing on this, 
imd on all occasions, where the interest of science is concerned, an ex« 
junple well worthy of imitation. 
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IM. The advantages, proposed to be obtained by 
the astronomical circles, are : 

1. The telescope is fixed to the circle, . and the 
whole moves together on an axis, which is a great 
advantage, as all imperfections of centre work, dan- 
ger from the telescope bending, or (he centre work 
wearing, are avoided. 

3. All parts of the instrument can be readily 
exposed to the same temperature. 

3. The instrument balances itself. 

4* All imperfectiiQns of the divisions are readily 
discovered, as the^ same angles can be observed on 
different parts: also the instrument can be much 
more accurately divided in consequence of the per- 
son, who divides, being enabled to examine opposite 
points.^ 

5. One of the greatest advantages of our in- 
strument is the facility with which the error of the 
line of colli mation may be found, by observing a 
star at any distance from the zenith, with the face 
of the instrument turned different ways. Thus a 
zenith sector, which would be absolutely necessary 
for a mural quadrant, can be dispensed with. 

6. Th^ method of reading off by compound mi- 
croscopes, which Mr. Ramsden has adapted to this 
instrument, is greatly preferable to the methods by 
the vernier or micrometer screw. Art. 183 and 184?. 

In our circlef three microscopes are used ; one is 

* Mr. Troughton has described his very ingenious method of dividing 
Astronomical Instruments, in the Phil. Tran. 1809, Part 1. 

f Four microscopes placed at the extremities of the vertical and 
horizontal diameters, would have, afforded greats accuracy: but a 
microscope opposite to the bottom microscope would have been ver^ 
inconveniently situated for use. 
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placed opposite to the lowest part, and two opposite 
to the horizontal diameter ; by which the same an- 
gle may be read off on three different parts of the 
circle, and thus the errors from difference of tempe- 
rature may be obviated, and the eflfect of any inac- 
curacy in the divisions considerably lessened. This 
circle was only intended for meridional observations, 
but, on account of the stability of the vertical axis, 
arising from the firmness of its support, it may with 
much advantage be used for a few minutes before and 
after the passage of the object over the meridian, as 
the time of making the observation can be readily 
noted by the transit clock, and thence the correction 
computed for reducing the observation to what it 
would have been, had it been made on the meridian. 

In the year 1812 a mural circle of exquisite work- 
manship, six feet in diameter, made by Mr. Trough- 
ton, was placed in the observatory of Greenwich. 
This instrument is now used instead of the mural 
quadrants. It gives north polar distances, and not 
being capable of being reversed by a vertical motion, 
the observations are corrected by means of the north 
polar distances of certain standard stars, in a 'mannei: 
similar to that by which observations of the transit 
instrument are corrected for the error of the clock* 
(vid.Art 181.) 

195. The observations made with the quadrant and 
circle being for the same purposes, an example from 
the latter will suffice. 

Example. Aug. 23, 1808, at the observatory of 

Trinity Collie, Dublin, observed, by the astrono* 

mical circle, the polar star above and below the pole, 

ZD. above 34^ 53' 10«, 1 Baroro. 29,99 Then 58^ 

below 38 18 59,0 - 29,97 - 67 
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Each of these zenith distances are from a mean of olv 
servations, made with the instrument facing east and 
west. To determine the zenith distance of the poIe» 
and polar distance of the polar 8tar» 

S4 5S 10% 1 88 18 59,1 

Re£ + *39, 84 + 44,47 



S4 53 49, 94 S8 19 43,57 

38 19 43, 57 



2 I 73 13 33, 51 

36 36 46, 75 zenith distance of pole or 

co-latitude. 

This observation therefore gives the latitude of the 
observatory =53^ 23' 13", 3. 

Half the diflFerence of the zenith distances=l® 42' 
56', 8i=the observed polar distance of the polar 
star. This must be reduced to its mean quantity at 
some given time or epoch, as it is called, suppose^ 
Jan. 1, 1813. 

The change of N. polar distance' 
by the recession of the equatorj 
on the ecliptic (Art.90,) from Jan.)* — 1' 37'', 50 
1, 1808, to Jan. 1, 1813, (the^ 
change in ay ear being = — 19", 50., 

* The aboye reiractions are computed by a table, which is given in 
the Appendix. The results of my obserrations relative to refraction 
agree nearly with the French (M. Delambre*s) Tables as far as about 
ao** Z. D.. Nearer the horizon refiractions become so uncertain, that eb- 
iwrvations ciease to be of use. 
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By Precession from Jan. 1. to Aug. 23 — 12» 50 

Aberration of light - - + IS, S8* 

Nut. of the earth's axis from moon — 3, S2f 

from sun — 0, 46J 



Sum according to their signs — 2, 90 

This is to be subtracted from the mean polar dis- 
tance, Jan. 1, 1808, to obtain the apparent polar dis- 
tance, Aug. 23, 1808. Hence the mean polar dis- 
tance, Jan. 1, 1808, deduced from this observation i) 
the sum of this quantity and the polar distance ob- 
served. Therefore 
1^ 42 56, 81 
+ 2, 90 



1 42 59, 71 
— 1 37, 50 



1 41 22, 2 =mean polar distance of the pole 

star, Jan. 1, 1813. 
By the mean of a number of observations it is 1^ 
4r 2l'',8. By the Greenwich circle it is l^ 41' 21'',?. 

Transit Instrument* 

196. The transit instrument, equally necessary in 
practical a^ftronomy, as the quadrant or circle, is a 
telescope fixed at right angles to a cross axis. This 

* General Tables of Aberration, IVofeasor Vince*s Astron. toL i 
p. 327. 

f General Tables of Nutation, do. vol. ii. p. 154. 

X Dr. Maskel jnc'« Tables. Tab. 30. The aberration of light and 
ha effects are explained hereafter. Nutation has been mentioned 
art. 91. Solar nutation in NPD ss— O", 48 fin (2 Ion. tun— R. A. 
•tar.) 
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axis is placed upon horizontal supports, upon which 
it torus. The instrument is to be so adjusted, that 
the line of collimation, when the telescope is turned 
with its axi% may move in the plane of the meri- 
dian. In the principal focus of thp object glass are 
placed three or five wires, parallel to each other, and 
perpendicular to the horizontal axis. Another wire 
bisecting the field of view is also usually placed at 
r^bl angles to these. The transit instrument in the 
observatory of Trinity College^ Dublin, is six feet 
long, the cross axis four feet, and there are five pa- 
rallel and equidistant wires in the principal focus, and 
one at right angles to these. 

In Fig. 28 the wires are represented. 

To make the centre wire Cd move in the plane of 
the meridian, three adjustments are necessary. 

1st. To make the axis level : this is done either by 
a spirit level or plumb line. Sdly. To make the line 
of coUimation, that is, a line joining CJ, and the 
centre of the object glass, perpendicular to the axis : 
this is done as follows : let the image of a distant ob- 
ject be bisected by the middle wire, and then take 
the axis off its supports, and reverse it ; if the image 
is then bisected, the line of collimation is exact, if 
not, half the error must be corrected by moving 
the system of wires, and half by moving one of 
the supports of the axis. There is a provision 
for both these motions. The axis being again re- 
versed, will verify the adjustment. 3dly. The 
line of collimation is to be placed in the meridian : 
this is done by the help of a mark placed at a con- 
siderable distance ; for instance, at the distance of 
one or two miles» in the direction of the meridian 
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of the centre of the instrument. The whole trie- 
scope is moved by .moving one of the supports of 
the axk, till the middle wire bisects the image of 
the mark. The meridian mark will serve to adjytst 
the line of collimation ; and indeed, in practice, the 
order of these adjustments should be reversed. 

197. The use of the transit instrument is to deter- 
mine the right ascensions of the celestial bodies, and 
also the mean and apparent time. In observing the 
right ascension, the telescope is usually directed fo 
the object, by help of a divided semicircle, placed 
at one end of the axis, on which an index attached 
to, and perpendicular to the axis, and also parallel 
to the line of collimation, moves : this index i* to 
be set to the polar or zenith distance of the object, 
according as the semicircle shews polar or zenith 
distances. 

This being done, the time of passage of the ob- 
ject over each wire is noted by the clock, beating 
seconds and shewing sidereal time, placed near the 
transit instrument The mean of the observed times 
of passing each wire is to be taken to shew more 
accurately the time at the middle wire. The time 
of passing each wire may be observed with great ac- 
curacy, because the telescope magnifies the diurnal 
motion, so that at one beat of the clock a star may 
be observed on one side of the wire, as at a, and at 
the next beat, at 6. The eye is capable of pretty 
accurately proportioning the intervals ac and be, so 
that the time may be noted to tenths of a secpnd, 
and the mean from the five wires rarely deviates /, 
of a second of time from the truths ov ^'' of a de- 
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gree. Thus right ascensions may be determined with 
nearly the same accuracy as zenith distances. For, 
as has been already shewn, the time of the passage 
by the clock is the right ascaision, provided the 
dock shews accurate sidereal time. This is seldom 
the cas^ and ought always to be examined by ob- 
serving some of the thirty-six stars before men- 
tioned, (art. 181) the right ascensions of which have 
Jbeen determined with great accuracy by Dr. Mas- 
kelyne. ' 

198. Example. Observed at the observatory of 
Trinity College, Dublin, Nov. 2, 1793, the transits 
over the meridian of 

m Cygni at 20»»- S4' 15", 72 sidereal time. 
• Aquarii 21 52 29,89 

Fomalhaut22 46 4,65 the clock losing l\ 5 

in 24 hours. 

To find the mean right ascension of o Aquarii. 

' Mean A. R. Jan. 1, 179S, 

by Dr. Maskelyne's « Cygni Fomalhaut 

Catalogue 20 34 22 57 22 46 10,72 

C Aber. and preces. - -f- 1,53 . + 3,43 
^Nutation - 0,00 — 0,85 



# 



App, A. R. - 20 34 24,10 22 46 13,30 
Observed - 20 84 15,72 22 46 4,65 



Clock slow - 8,38 8,6^ 

Mean at 21»»- 40' slow 8'',51 
At 21 52 slow 8,52 

* Professor Vince'a Astron. vol ii p. 306, &c. Xh, Slaskelyn^'s 
Tab. 17 an4 18. 
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Observed o Aquarii - 21 52 29,89 

Clock slow - -f- 8,52 



Apparent A. R. - 21 52 38,41 

Frecess. from Jan. 1, 1790 - — 11,87 

* C Aberration - — 0,32 

^Nutation - + 0,55 



Mean A. R. Jan. 1, 1790 21 52 26,77 
From Dr. Bradley's observ. 21 52 26,8 
Mr. Pond's observ. in 1816 21 52 26,6t 

199. The transit instrument serves also for finding 
the mean, and thence the apparent time. 

If the sun, instead of appearing to move in the 
ecliptic with an unequable motion, appeared to 
move in the equator with an equable motion, in the 
period of its motion in the ecliptic, its return to the 
meridian would each day be later than the return 
of a fixed star, by 3' 56!''' nearly ; and a clock put to 
twelve o'clock, when the sun was in the meridian, 
would, if rightly adjusted, always continue to shew 
twelve^ when the sun, so moving, passed the meri- 
dian ; and the time pointed out by the clock would 
be mean time. 

The distance of an imaginary sun; so moving in 
the equator, from the vernal equinox, is equal to the 
mean longitude of the sun, or its mean distance from 
the vernal equinox ; and this distance, reduced into 
time, is the right ascension of the imaginary sun. 
The mean longitude of the sun is given in the Solar 

» By General Tables referred to in art. 195. 

f This star» therefore, hag no perceptible^proper motion. 
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Tables tar the beginning of each year, and the mean 
motion in longitude, between the beginning of the 
year and each day, is also given. Whence the mean 
longitude is known, which reduced into sidereal time, 
at the rate of 15^ for 1 hour, gives the right ascen- 
non of ^ imaginary sun, after being corrected* to re- 
dace it to the true equinox. Hence, having the si- 
dereal time, by a dock, or from the time shewn by a 
dock corrected by observing the transit of a ^tar, 
the mean time is readily found. * For, the difference 
between the imaginary sun's right ascension at noon 
(the mean longitude of the sun converted into time), 
and the given sidereal time is the sidereal time from 
noon : this is to be reduced into mean time, by dimi- 
mAittg it in the proportion of 24* : 2S^ 56' 4?'%!, or of 
366 : 965 nearly. The mean time being found, the 
apparent time will be had by applying the equation 
of time, which will be explained hereafter. 

200. Example. To find the mean time at Greeli- 
vnch, Nov. 8, 1808, at 20'» 30' 1", by the sidereal 
dock. , 

Mean motion, Nov. 8. 10 73119 46 

^^, . 

7 17 29 ^0,1 383 

Equat. equinoxes 7 . ^ 

m n. A. 5 ^9 

Mean long, at noon7 ^^ 3^ ^ 

from true equinox. 3 ' 

• Vince*8 Astron. rcIL S, pp. 4, 20, p. 40. Table 8. Solar Tables, 
t It is oonvenient to have Tables bj whicb the mean longitude of the 

sun may be found at once in sidereal time. Such are Tables 19 and SO 

in Jk. Maakdyne's Collection of Tables. 



ELEMENTS OF AStRONOMT. 159 

This reduced to tinie gives 

h; ' '' 
Sidereal time at noon 15 9 58,1 

20 SO 7 



■■I *i 



Interval from no(m7 5^89 

in sidereal time 3 ' 

reduction to mean time — 52,4 



Mean time 5 19 16,5 



For -any other place, the change of the sun's mean 
longitude, according to the lon^tude of the place, 
must be allowed for. Thus, for the Observatory of 
Trinity College, Dublin, the sun's mean longitude is 
1' 1", 6 greater than at Greenwich, or 4'', 10 in side* 
real time. 

Methods of finding a Meridian Line* 

201. The knowledge of the direction of the meri- 
dian is useiful for several purposes, but absolaitdy ne- 
cessary for adjusting a transit instrument. The first 
step, and that the most difficult, is to find it nearly: 
when this is done, it may easily be corrected by hdp 
of the transit instrument itsel£ Either of the two 
following methods, especially the second, will serve at 
^nce for finding it sufficiently near £pr most purposes, 
^xce{^ for the transit instrument. 

202. On an horizontal plane describe several con- 
centric circles of a few inches in diameter. In the cen- 
tre place a wire, a few inches long, at right angles to 
the horizontal plane. Note in the forenoon the point 
where the diadow of the top of the wire just reaches 
any of the circles, and watch in the afternoon the 
point where the extremity of the shadow again reaches 
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the same circle. The arch intercepted between these 
two points being bisected by a radius, the radius will 
be in the direction of the meridian ; because the di- 
rection of the shadow is in the plane of the vertical 
circle passing through the sun^ and the sun has equal 
azimuths at equal distances from noon, unless as far 
as the change of declination interferes. 

This meridian may be transferred to any near 
place, by suspending a plumb line directly over the 
southern extremity of the line drawn as above, and 
noting when the shadow falls on that line : at this 
time another plumb line, suspended at the place 
where the meridian line is required, will, by its sha- 
dow, shew the meridian. 

The imperfections of this method of finding a me- 
ridian line arise from the inexact termination of the 
shadow, and from the change of the sun's declination 
in the interval of the two observations. The latter in- 
convenience is least in June, and December near the 
solstices. 

203. The other method it perhaps as simple and 
exact at can be expected without the asdstance of a 
telescope, and is applicable, even with a transit in« 
strument. Observe when the pole star above the 
. pole, and i Ursae Majoris* called Alioth, are in the 
same vertical ; a plane passing through these stars at 
that time is nearly in the plane of the meridian* 

The pole star and Alioth pass the meridian with- 
in about nine minutes of each other, the former be- 
ing l^ 45' above the pole, and the latter 33* below 
it. Alioth passing the meridian below the pole, about 
nine minutes before the pole star passes alx)ve the 
pole i it follows that the vertical circle passing through 
the polar star^ and approaching the meridian, will be 
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metby the vertical circle passing through Aliotb, re- 
ceding irom the meridian, and therefore Alioth and 
Ae pole star will be in the same vertical within less 
than nine minutes of time of the passage of the pole 
star : and as the pole star changes its azimuth very 
slowly, the vertical circle passing through these two 
stars must be nearly in the plane of the meridian. 

^04. The deviation of this vertical drcle from the 
plane of the meridian may be easily computed : for 
in general the sine of the azimuth is to the sine of 
the hour angle at the pole, as the sine of the polar 
distance is to the sine of the zenith distance. Now 
the mean AE of « Polaris, Jan. 1, 

ISIO - - = Oh. 54' 87" 

Of Alioth = 12 45 41 

Hence when Alioth is on the meridian below the 
pole, the hour angle at the pole starts 8' S^' in 
time=2^ 14% and therefore the sine of the azimuth 
of the pole star when Alioth passes 

•in. 2«*I4'. sin. 1«45' ,. , .^ ^ .. . 

= ' i TT — TTTT^A = On lat. 55o 23') sm. 7' 
sin. (co.lat. — 10 45') ^ ' 

nearly. This is the azimuth of the pole star, when 

Alioth is passing the meridian below the pole. When 

they are in the same vertical, the common azimuth 

is somewhat less ; * but the difierenqe is so small, 

M 

^ Hie jcoirection of the azimuih is very easily computed; for the 
angular motion of &e vertical of the pole star is to the angular motion 

sine polar dist. of pole' star 
of the vertical of AUoth, as t ^^^ ,^^ ^is^ . 

sine polar dist. of AHoth ..^ j^^ 53, gg* j . . siruj^' : 
sin. zenith dist. sin. 34. 52 

»n. 33P . , * 

■■ . ^^ ,^ : : 1 : 11 nearly. Therefore the aumuth of common 

am. 69.37. ' . 

Terticalis to azimuth of pole star, when Alioth passes, as 11 to 12 
nearly; and therefore azimuth of common vertical^ai^^X'7'=:6,4 
jMarly. 
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that it is scarcely worth notice in this approximation 
to the meridian, which serves without &rthe|r cor- 
rection for most common purposes. The changes 
of the right ascension from aberration are not noticed, 
because the method is only given here for an approxi- 
mation. 

205. The- following is a convenient way of prac- 

tising this method. Suspend two plummets, 
Fig.. 29. A and B, to each end of a rod CD. Ves- 
sels of water should be used for steadying 
the plummets. A pivot fixed to the middle of the 
rod should be supported on a socket at £ ; so that 
the rod may turn steadily andv freely. If Alioth 
and the pole star be observed in the plane of the 
plumb lines, that plane will be, in these latitudes, 
within about 1' of the meridian. The eye will readi- 
ly shew when they are nearly in the same vertical, 
and then the plumb lines, by turning the rod on its 
socket, may be easily made to pass through them, 
when exactly oxi the sanie vertical.* 

206. Instead of the plumb lines, a transit tele* 
scope turning on an horizontal axis may be used. 
The deviation from the meridian of the telescope, 
so adjusted, may be found by observing the transits 
of a star to the south of the Zenith, and of the 
pole star. The transit of the former will give the 
sidereal time nearly, aud comparing the time so 
found with the ^iderei^l %\u;ui gi^en by the polar star, 
the difference, which may be considered as entirely 

* Tliifl xnetiipd pan only be tuwd when the polar t^r (f^^fes thf me- 
ridian above the pole, when it i9 dai%, that is, from the end of August 
to the end of January. There are no otiier stars so convenient for this 
method, although Capefia below the pole and i Vnm Minoris above the 
pole maj scnre. 
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the error from the pole star, will give the devia- 
tion from the meridian: for the deviation in se« 
conds of a degree is to error in seconds of a de- 
gree of sidereal time of transit of pole star, as 
the sine of the polar distance of the pole star to 
the sine of the zenith distance. The reason of 
considering the whole diif^ironqe, as the epor of 
the pole star, is, that when the deviation from the 
meridian is small, the error of sidereal time from a 
star, southward of the zenith, is very small, compared 
• to the error from the pole stun ThU is ^ very con- 
venient method of lapprp^^iin^ting %X ples^ure to the 
meridian, 

207. The deviation from the meriji^P ipajr also 
be found by companng the times of continuance of 
a circumpoiar star on the east ahd west sides of the 
.meridiaat* 

A quadrant b^^ying W asilmuth circle is very con- 
TCjnient for ascertaining the meridian, by observing 
equal altitudes on each sidq of the meridian, and 
then bisecting the ar^h. of azimuth. If the sun be 
used, allowance must be made for the change of de- 
clination. 

A good clock will serve instead of an azimuth 
circle, by observing equal altitudes of the sun or a 
star, half the interval of time corrected, (if the sun 
is observed) will shew when the object was on the 
meridian, and thenee the error of the clock will be 
ascertained, and so the time of the transit of any star 
may be computed, and th^ insilrument adjttsted 9>% lb« 
tifiie of that tf^psit< 

* Professor Vince's Practical Aitron. p. 8$^ 
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CHAP. XII. 



Geocentric and Heliocentric ]^aees fff ptaneis — Nodes 
and inclinations of their orhits^^Mean motions and 
periodic times — Discoveries of Kepler'''''-^Elliptical 
motions of planets^ 



208. THE fixed stairs, as has been noticed, appear 
in the same place with respect to the ecliptic from 
whatever part of the solar system they are seen^ bat 
not so the planets: thdr places as seen from the 
sun and earth are very different, and as their mo- 
tions are performed about the sun, it is necessary to 
deduce from the observations made at the earth, the' 
obseryations that would be made by a spectator at 
the sun* By this we arrive at the true knowledge of 
their motions, and discover that their orbits are nei- 
ther circular, nor their motions entirely equable about 
the sun, although a uniform motion will, in some 
measure, solve the phaenomena of their appearances. 

It has before been shewn how the distances and 
periodic times of the planets are found, on the hy« 
pothesis of their orbits being circular, and their mo« 
tions uniform; it remains to shew how the places 
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of the nodes and inclinations of the orbits may be 
found /neariy, before w6 proceed to mone accurate 
investigations. For this, it is necessary to find from the 
geocentric longitude and latitude (computed, from 
the right ascension and declination observed,) and 
the distance of the planet from sun known nearly 
(art. 97 and 101 }, the heliocentric latitude and longi- 
tude. 

209. Let S and E be the sun and earth, P the 

planet, O its place^ projected perpendicu- 
Fig. 30. larly on the plane of the ecliptic, SA the 

direction of Aries, and EH parallel to SA* 
Then OEH and OEP i^re the geocentric longitude 
and latitude of the planet, and OSA and PSO are 
the heliocentric longitude and latitude. From . the 
right ascendon'and declination observed, and the 
right ascension and declination of the sun, we can 
compute the phnet's angular distance from the sun, 
or the angle SEP. For we have then the angle sub- 
tended at the -gcie between the sun and the planet, 
and the polar distance of each. Therefore, in the 
triangle SEP,, we know SP, SE, and the angle SEP ; 
from thence we can deduct PE, and thence OE, 
because OE : PE : : cos. OEP (geocent. lat.) : rad* 
Hence in the triangle SOE, ES, OE and angle SEO; 
(difi*. long, of planet and sun), are known^.and'so we 
can compute OSE. Whence, because ESA = earth's 
longitude seen from sun = sun's longitude + 180^ 
we obtain OSA the heliocentric longitude. Also 
because PS X sin. PSO = OP x rad. = EP X 
sin. OEP, we have sin. hel. lat. : sin, geo. lat. : : EP 
; PS, and thus the heliocentric latitude is known.. 

210. From two heliocentric longitudes and lati- 
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tudesy the place of the node and iDclinatioti 
Fig. SU of the orbit may be found. Let AR and AS 

be two heliocentric longitudes, PR and QS 
the heliocentric latitudes, and N the ascending node* 
Then by spherical trigonometry. 

jlj^^-S: -^ « co-tan. PNR =^ 

^' ^^1^^^^""^ ^ or (by Theorem for sine of the 
difference of two arches) 

nil. AR X cc». AN—cc*. AR X ntk» AH 
"""^"""^ tan. PR. 

■ift» AS X coft- AN — 001. AS V af tt. AN* 

un. Qa 

hence is deduced tan. AN =3f - 

an. AN sin. AR X tan. QS— sin. AS X t«n. PR, 



•CM. AN COS. AH X tan Qj^^coB. AS X tan. PR. 

AN is the longitude of the ascending node; this 
being found, we have cot. PNR (inclin. of orbit) s 

sin. (AS— AN) 

ii' 1 1 ■■■« I 

tan. QS. 

The best observations for ascertaining the place of 
the node, are those made when the planet is near its 
node on each side: the best, for ascertaining the 
inclination, are when the planet is farthest from the 
ecliptic. 

The above is applicable to finding accurately the 
place of the node and inclination of the orbit, pro- 
vided we had the planet's distance from the sun, 
at each observation, accurate. How these may be 
found, will appear farther on. Therefore thus far 
it has only been shewn, how the distances, periodic 
times, places of the nodes, and inclinations of the 
orbits, may be nearly found. 

211. Among the most valuable observations for 
determining tlie elements of a planet's orbit, are 



ELEMENTS OF ASTRONOMY. iGj 

those made when a superior planet is in or near op* 
position to the sun, for then the heliocentric and geo- 
centric longitudes are the same. And a number of 
oppositions being observed, the planet's motion in 
longitude, as would be observed from the sun, will 
be known. The inferior planets alto, when in su- 
perior conjunction, have the same geocentric and be^ 
liocentric longitudes s when in inferiof conjunction, 
they differ by 180^ ; but the inferior ^atiets can sel- 
dom be observed in sup^ior conjunctiony or in infe- 
rior conjunction, except when they pass ovet, ii^hich 
they rarely do, the sun's dise. Therefore we dmiiot 
so readily ascertain by simple observation, the mo^ 
tions of the inferior planets seen from the sun, as we 
can those of the superior. 

212. The principal element for determining the 
place of a planet, is the mean angular velocity 
about the sun, called the meem motion. The peri- 
odic time is considered as invariable i bat neither 
the real motion in its otbit^ nor its angular motion 
about the sun are equable. The periodic time^ being 
constant^ may be taken as the measure of its mean 
motion ; or rather the melin angle described in anjr 
given time^ as twenty-^our hours (deduced by pro* 
portion, from 360^ being described in the periodic 
time.) 

If the planet's place in its orbit, as seen from the 
sun, at any time^ be known, its place at any other 
time will be had within a few degrees or less, by add- 
ing its mean motion, in the interval, to the former 
place s this is to be corrected according t» the devia- 
tion of the true motion from the mean place. 

Ito obtain accurately the periodic time of a 
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planet. Find the interval elapsed between two op- 
positions separated by a long interval, when the 
planet was nearly in the\8ame part of the zodiac. 
From the periodic time known nearly, it may be 
found when the planet has the same heliocentric 
longitude^ as at the first observation. Hence the 
time of a complete number of revolutions will be 
known, and thaice the time of one revolution. The 
greater the interval of time between the two opposi- 
tions, the more accurately the periodic time will be 
obtained, because the errors of observation will be 
divided among a great number oi periods ; therefore 
by using very ancient observations, much precision 
may be obtained. 

2 IS. The planet, Saturn, was observed in the year 
228 B. C« March 2, (according to our reckoning of 
time) to be near the star y Virginis, and at the same 
time was nearly in of^position to the sun. The same 
planet was observed in opposition to the sun, and 
having nearly the same longitude, in Feb. 1714. 

Whence it was found that 1943 common years, 
118 days, 21 hours and 15 minutes had elapsed while 
the planet made 66 revolutions. It being readily 
discovered that the time of a revolution was 29^ 
years nearly, it was easily ascertained that exactly 
66 revolutions had been completed in the above in- 
terval, and therefore it follows that 29' 162<^4^il9' 
is the time of one revolution, which gives 2' (/', 58 
for the mean motion in 24 hours. The above time 
of revolution is with respect to the equinoctial points, 
and, as the equinoctial points recede^ the time of a 
complete, revolution in the orbit will be had by find- 
ing the precession of the equinoxes in longitude 
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in the above time of revolution, and thence cotnpat- 
ing, by proportion, the time the planet takes to go 
over the arch of longitude equal to the precession. 
In this way the time of. a complete revolution is 
found to be 29'» 174* 11^>29': this is called a side- 
real revolutiortj because it is the time elapsed be- 
tween two successive returns of the planet to the 
same fixed star, when seen from the sun. The 
time of revolution with respect to the equinoxes, the 
same as the time of revolution with respect to the 
tropics, is called the tropical revolution. 

In the same manner ancient observations have 
been used for the other planets. Ptolemy has re- 
corded several oppositions of Jupiter and Mars ob- 
served by hhn in the second century. From these 
Cassini computed, by the help of modern observati- 
ons, the periodic times with much exactness. An- 
cient observations have also been used for Venus. 
Mercury, before the invention of telescopes, could 
not be seen, when near either inferior or superior 
conjunction, and therefore for this planet modem 
observations only have been used : however its tran- 
sits over the sun's .di^ have enabled us to obtain 
the periodic time with sufficient accuracy. 

214. The exact periodic time of the earth is 
readily found by a comparison of two distant equi- 
noxes ; the time of the equinox is known by observing 
the sun's dedination before and after the equinox^ 
and thence the time when the sun had no declina- 
tion, may be computed by proportion. Comparisons 
of good observations separated by a long interval 
give the time of returning to the same equinox, or 
. the length 9f a tropical years=S65^ 5^ 48"- 48**'- 
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and as the receMion of the equinoctial points is 5(f\ 
in a yeart the sun will appear to move over this 
space in 20' 25* i. Hence the periodic time of the 
earth or a sidereal year=365*^ 6^- 9^ 11"*^ 

215* The ancient observations of Jupiter and Sa- 
turn, compared with the modem ones, give the pe- 
riodic time of the former greater^ and that of Satura 
less, than what are found by a comparison of the mo- 
dern observations. The cause of this is satisfactorily 
explained by the mutaal attraction of these bodies to 
each other, and the quantity of variation has been com- 
puted by the help of physical astronomy. 

The tropical year is less now than in the time of 
Hipparchus, according to the determination of La- 
place^ by about 10/' 

216. The next inquiry is the deviation of a pla« 
net's motion from equable motion, for which the 
knowledge of the form of the orbits afid law of mo- 
tion in that orbit, are necesary. This brings us ta 
the discoveries of Kepler, who fit*st ascertained^ 
from the observations of Tycho Brahe^ that the pla-« 
nets move in ellipses about the sun, which is in 
one of the foci ; that the law of the motion of each 
planet is such, that it describes about the Sua equal 
areas in equal times, and that the squares of the 
periodic times are as th^ cubes of the greater axes 
of their orbits. Kepler» to whom we owe these im- 
portant discoveries, , was born in 1571» and distiii- 
guished himself early in the seventeenth century* 
Naturally possessed of a tdost ardent desire of fiuxie, 
it was fortunate for the progress of astronomy that 
he applied himself to this science* He had dui 
advantage of referring to the numerous and oele^ 
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bleated bbdervations of Tyeho Brahei wbo haTingr 
with unwearied ex^rtiotlli edtlstrttdt^ imtrumems, 
far better than had ever bdeii iii^d<^ ud6d th^m with 
equal assiduity in formittg a <^6nn«Cted series of 
most valuable obsef vations. Tycho Brahe observed 
in the Island of Huide^ near Copenhagen | from^ 
whence, in consequence of iftost Uttmerited tireat*^ 
ment, he was obliged to tetire to Pr^ue> whither* 
Kepler, at his persuasion, came to feside. 

^17. Kepler first applied himself to Investigate 
the orbit of Mars,* the motions of which planet ap^ 
peared more irregular than those of any otheri ex- 
cept Mercury, which, from being seldom seen^ had 
then been little attended to. He has left us the 
result of his enquiries^ in his work, *' De Motibua 
Stellas Martis,'' whi^h will alwayd deserve to be stu-^ 
died as a recol<d of indiiitry and ingenuity. It will 
not be convenient to ent^ hei'e into many parlica«( 
liits of his labotli's. One df th^ ihoat reimarkabk i% 
his long adherence to the hypothesis^ that the orbits 
of all the planets must be drealar, beeaose a circle 
is the most perfect figure. The pktiet was suppoied 
td move in a circle describing equal angles about 
a point (punecum sequans) at a certain distance from 
the sun. In this he was sanctioned bv all who had 
gone before him, and it was not till having in vain 
spent near five years in attempting to accommodate 
this hypothesis to the observations, that he could 
persuade himself to reject it ** f Primus mens ear- 
<* ror fnit yiam planetse perfeetum esse circulum; 

• lliis Wis matitf acddtntid. VkL Kepler De Motibus StelUi 
Ifirtify p. ^Ir. 

t I^ Motibuf StellA Martis, cap. 40. p. 192. 
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*< tanto-noceotior temporis.fiir, quanto erat ab au^ 
^ thcuritate ompiam Philosophorum instructior & ine<* 
** taphyaicae in specie convenientlor." He after- 
wards proceeded by a method in which all conjee* 
ture was laid aside. From the numerous observa- 
tions of Tycho Brahe, that had been continued 
upwards of twenty years, he obtained many distances 
of Mars from the sun, and the angles at the sun 
contained by these distances, and at last discovered 
that the curv6 passing through the extremities of 
these distances was an ellipse ; in this manner ar- 
riving at a conclusion, which Ke considered as fully 
repa3ing him for his trouble. His attempts, 
bis repeated disappointments, all of which he has 
ingenuously recorded ; his ready invention in sur- 
mounting difficulties; his perseverance at last 
crowned with success ; remain as highly useful ex- 
amples to shew the value pf genius and industry 
miited. His adherence to the circular hypo^faesisy 
which was princii)ally supported by its antiquity^ 
a&rds a useful illustration of the inconveniences 
that may arise from not taking experiment and ob- 
serration for our guides ; and by his ultimate success 
he may be said to have given an illustrious example 
of that method of philosophising, which a fe.w years 
afterwards was so strenuously recommended by Lord 
Bacon. 

218. Kepler^i? method, by which he at last obtain* 
ed the orbit of Mars, will, serve as a plain example 
of the manner of finding the orbit of a planet, and 
therefore may be considered as proper for an ele- 
mentary work, although the present advanced state 
of astronomy furnishes others more convenient, but 
not so simple. ** 

He considered the orbit of the earth as circular, 
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the sun being at a small distance from the centra 
which the obseryations of Tycho were not sufficiently 
accurate to contradict^ the orbit of the earth de- 
viating so little from a circle. Thus he was enabled 
to ascertain with sufficient precision the relative dis- 
tances of the earth from the sun at difieteht times^ 
and the angles described about the sun ; having dis- 
covered that the point of equable motion was not, as 
astronomers at that time supposed, in the centre of 
the circle, but in the continuation of the line joining 
the sun and centre^ and equally distant from the cen- 
tre as the sun.* 
Let T and E be two places of the earth, when 

Mars is in the same place of its orbit. 
Fig. 82. (These times are known from knowing the 

periodic time of Mars) ; P Mars, and M 
its projection on the plane of ths ecliptic $ S the 
sun. The angles MTS and MES are known from 
observations : TS, SE, and angle TSE from knowing 
the orbit and motion of the earth. In the triangle 
TSE we can find STE and TES and TE. From 
these angles we find MTE and MET, and thence 
by help of TE we compute MT. Knowmg MT,TS, 
and the included angle, we find MS. 
MT : MS : : cot. PTM (geo. lat.) : cot. PSM (heL 
lat) thus we obtain the heliocentric latitude, llien 
cos. PSM (hel. lat.) : rad. : : SM : PS. 

219. By the numerous observations of Tjrcho 
Brahe, Kepler was enabled to verify the same distance 

* Hie ancient tstronomers had supposed this to be so with res- 
pect to the planets, but the hypothesis had been rejected bj Co* 
pernicus. It is onlj nearly trae in the orbits that are of small 
eccentricity. 
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firqm several pairs of observatipnSj^ and also to find 
niany different distances, and the angles at the sun 
contained by ii\ese distances. In this manner he 
tiso found the greatest; and ]east distances. Sup- 
posing the prbit circulart be had from these the 
diamet^' of the circle, and he could deduce any 
other ^i^tanqe 9t pleasur^^ $ by which means he com- 
pared the di#t9iu^ computed pn this hypothesis 
with tbe distances <x>mputed froni observations and 
fpUPd tbftt the difit^cfai i^ th^ circle were always 
greater thiin tb9 obierved distancesf H^nce he W9s 
assured that the orbit was not circular, but oy^il. He 
w^^ at last led to try an eUipse^ having the sun in 
ppe of the foci ; this h^ found fo ^«wer by a com- 
pf rispA pf a gr^ mmber of observations of Mars. 
flp soon concluded tbf s&ine true for f^U (he planets, 
ftnd sooi^ ascert^iied th»t ^ach 4es^ibed ^qmt arenas 
ia ^wd times roun4 the $mi. 

5JJIQ. The l^st 4i8pQvefy of K^plerifv^^s, that the 
squares ^ the p^riodip ti<n.^. are a^ the cubes of the 
grater ais^e^ of the ellipse This discovery was 
ip^de m^y yeq^rs a&er the two former: he con- 
edved there iqust be spme rel^tipi^ between the mo- 
tions of the respective planets^ which led hjifn to 
sefirch for that relation, and the fibpve law was the re- 
sult, which seems to have given him as much pleasure 
as any of his discoveries. We now know that this 
, reiparkftble propprtipn is. ^ simple result^ from the 
principle of universal attraction which pervades all 
bodies. How great must have been the satisfaction 
of Newton, wl«> first established the existence of 
universal gravity, and by the application of mathe- 
matical principles) shewed that the three famous dls« 
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coveries of Kapler wefe necessary consequences qf 
tWt universal property of bodies. 

221. It will not be convenient here to enter into 
a farther detail of the methods by which all the par- 
ticulars of the elliptical motions of the planets hayQ 
since been established. They may be found in the 
copious astronomical treatises of Lalaode, Professor 
Vince, Delaipbre, and others. 

The computations made from the elements of th^ 
elliptical motions, agree so precisely with ob^erva*r 
tion, that not a shadow of doubt can remaiUi tb^t 
the planetary motions are performed according to 
the above laws ; and all that may be thought neces- 
sary here is to shew brieflyy how the geocentric place 
of a planet may be computed from the elements pf 
its motion in an elliptic orbit about the sup, and ^ 
compared with the same^ given by observation. 

!jt^2. When a planet ^s at its greatest and least dis- 
tances from the sun, it is said to be in Aphelion an4 
Perihelion. The distance of the sun from the centre 
of the ellipse is called the eccentricity i^ th^ a^Uff 
{f the angnlar motion of the planet about ^e sim w^r^ 
uniform* the angle described by t^he planet in anj 
interval of time, after leaving Aphelion, might b^ 
fonnd by simple proportion, from knowing th^ perjr 
odic time, in which it describe^ 36Q^ ; bnt as ljhf» fip- 
gijlar motion is slower near Aphelion, and fasiter 
near Perihelion, to preserve the equable description 
of areas, the true place will be behind the mean 
place in going from Aphelion to Perihelion ; and 
from Perihelion to Aphelion, the true place will be 
before the mean place. The angle at the sun con- 
(s^{n^d between the true and mean place is called t|ie 
equation of the centre. Th^ angle between the Apbcir 
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lion and mean place is called the mean anomaly, 
and the angle between the true place and Aphelion, 
the true anomaly, 

22S. The tables give the mean place of the planet 
in its orbit at some given time, called the epoch ; 
from thence the mean place at any other time may 
be foand, either by the tables, or by proportion : if 
fit>m this the place of the Aphelion be subtracted, 
the mean anomaly of the planet is obtained, and 
from thence the true place is to be found. The nu* 
merous calculations, now requisite in astronomy, 
make it necessary that all the aid possible should be 
derived from tables. Accordingly the tables give 
the mean motion about the sun for years, days, 
hours, &c., the place of the Aphelion,* and the 
equation of the centre and distance from the sun, 
ibr different degrees of mean anomaly. Thus we 
obtain the true place of the planet as seen from 
the sun, and its distance from the sun. The difier- 
cnce between the place in its orbit and the place of 
the node gives its distance from the node ; whence/- 
from knowing the inclination, we can compute its 
angular distance on the ecliptic from its node, and 
also its angular distance from the ecliptic, and thus 
find its heliocentric longitude and latitude. Hence, 
knowing the earth's distance from the sun, and its 
plac^ as seen from the sun, we can compute, by the 



« Tlie latest fVeneh tables reckon the anomaly from Perihelion 
instead of Aphelion, as has been usual hitherto. This was done to 
make the mode of reckoning similar to that for comets, the moti- 
ons of which are necessarily estimated frem Perihelion, and Ihe 
intention seems to be^ that in future the anomaly of tiie planets 
flhonld be computed in the same manner. 
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converse of the method in art. ^OQ, the geocentric 
latitude and longitude. 

The best tables of the motions of the planets 
contain the corrections to be applied > on account of 
the mutual attraction of the bodies of the system, 
hy which their motions are disturbed, and by which 
also their nodes and Aphelia slowly change their 
places. 

224?. The true place of the planet in the ellipse, or 
the true anomaly, may also be deduced from the 
mean in the following manner. 

Let AN be the axis major of the orbit, S the sun, 
P the planet, NLIA a semicircle described 
Fig^ S3, on the axis major, and ACL = the mean 
anomaly. Draw IPD perpendicular to AN. 
Then area ACL : area ALN :: mean anomaly : 
180® :: time of describing AP : time of describing 
APN : * area ASP : area APN : : . (by prop, ellipse) 
area ASI : area ALN. Hence area ACL = area 
ASL Therefore sector LCI = triangle SIC. But 
as LI is small, the space between the chord and arc 
is very small, and therefore the triangles LCI and 
SIC are nearly equal, and consequently CI and LS 
are nearly parallel, and the angle LSC = ICD near- 
ly. The angle ICD is called the eccenUic anomaly. 
The sum of the angles LSC and SLC = LCA = 
the mean anomaly, CL -f SC = SA, and CL — SCI 
= SN. Therefore (by trigonometry). Aphelion 
distance SA : Per. dist. SN : : tan. J mean ant)maly 
: tan. i diffi angles LSC and SLC. Let this diff. =- 
D. Then i mean anom. + i D = LSC =« ICA (tht 

N 
4» Art. 319. 
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eeeiUtric anomaly) nearly. The eccentric anomaly 
iO found may be easily farther corrected, at pleasure, 
in the following manner. Because the sector LCI 
ss the triangle SCI, we have * Z.LCI x CI* = sin 

SCI X SC X Clor ^ LCI = !l!Ll^>L5£. Canie. 

quently, if we use the eccentric anomaly, just found, 
for ICD, the error of LCI will be Jess than that of 
the sine of ICD, in the proportion of SC to CL 
Hence subtracting LCI so found, from the mean 
anomaly, a much nearer value of the eccentric 
anomaly will be had. Using this new eccentric 
anomaly as before, a still nearer value will be had, 
&c. Two corrections will nearly suffice for all 
the planets. This is one of the most obvious me- 
thods of correcting the eccentric anomaly found 
above, but not the best adapted to practice:-]- one 
imuch better may be derived from it. 

The eccentric anomaly being found, the true ano- 
maly may be easily deduced. For, from thence the 
angle ISC in the triangle SCI can be found, and tan. 
iSD : tan PSD : : ID : PD : : axis major : axis 
minor* 1* herefore PSD is known.:): 

225. The problem for finding the true from the 
mean anomaly, or, which comes to the same, to di- 
vide the area of a semicircle, by a line drawn f^om a 
point in the diameter, in a given ratio, has long been 



4t*Not the d^prees, "^c. in LCI, but the tneasure of LCI to radius 

umty. 

I ^ide appendix. 

\ This, although obvious, is not best adapted for practice. For tan. 
i eccent. anom. : tan. i true anom. 
: : V «^rdl8tr\: V per*distA vide Appendix. 
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celebrated) and knowp by tibe nitn^e of Kepler^ s prQ- 
bkm : he first endeayQurcd ito solve it in consequeqqe 
^f his discovery, th^ a planet describes equal ^«as 
m equal times, aboMt the sun. No exact solution co^ 
he gi;VQ» ; it musft be done either by continued ap- 
pro3^kniil;ion9 or by help of a series. 

226. Astronom^s werejaot long in adopUug K«p- 
\^& discovery of Ae dJiptical mt^ons of 4thiB pjn- 
oets, but ;lhey]oog ^itated in adopting the «^i}ua- 
ble description of areas, in consequence of the dllffi- 
<;ulty it invoked of finding the tr^e {rqQi,the,ip&an 
place. They instead jtherepf had fecwrsie tp ^jiph 
iiypo^eses ipr i:he Jaw of ixiotian, ,a$ ivpuld ^prd 
them easy rules for finding the true from the .nieaa 
place, and at the same time would give the coa^i){|^ 
place nearly within the limits of the errors of obser- 
vation. 'One of^lhe most cele1;^«ted was that of S olh 
W[ard,* known by the name pf the Simple Elliptic 
E^pothesis: its value was derived, not from its.ari^lllr 
rapy, but from the elegance of the analog P^ed* 
Hie supposed the motion equaj^le aboqt the focus in 
which the sun was not ; and from thence it ^^sily 

follows, that the Apheliop dist. : Perihelion .dist. : : 
tap. 1. mean anomaly: tan* ^ jtrue anom. The^anp- 
mfily thus found, may sometiipes differ in the <Nrbit 
€>f the planet MeFdury S3' frpm the truth, ^^^(^ 4a 
tl^t of Mars 7^f The laws of motion assigned by 

N 2 

* It has generally ^one by the name of Ward's Solntipn ; yet ||^ 
Aid. not claim it as his own, but acknowledged himself indebted «• 
Bouilliald fcnr the hint that led hun td it The fact is, that Kepler 
himself was not ignorant of it as an approximation, but rejected it as Hot 
sufficiently accurate. 

f Trans. R. I. Academy, voL ix. p. 145, &c. 
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other authors differed less from the truth, but re- 
quired more complex computations. As no satis- 
factory reason could be assigned for Kepler's law, 
any other law that appeared to shew with equal accu- 
racy the motions of the planets about the sun, had 
an equal claim to attention. This occasioned the in-* 
ip^dtion of several different hypotheses before the time 
of Sir Isaac Newton : but his discoveries having fidly 
established the Keplerian law, they were soon laid 
aside. 

The first approximation above given for the ec- 
centric anomaly, may occasion an error of 5" in the 
anomaly of Mercury, of 20'" in that of Mars, &c. 

227* The following table exhibits the elliptic ele- 
ments of the orbits of the principal planets. 



• 


Merc 


Venus 


Earth 


Mars. 


Jupiter. 


Saturn 


Geor. 

47 


Eooentrfdtyof 
the oriiiit, the 

1000. 


206 


7 


17 


93 


48 


56 


Pbiees of tiie 
Aphdionseen 
firomthe sun. 


8. O 

8 14 


8. O 

10 8i 


8. O 

9 9i 


8. O 

5 2 


8. O 

6 11 


8. O 

8 29 


8. O 

11 17 


M«aa motion 
in 24 hours as 
aeenlhimsun. 


O ' n 
^53 


o ' » 
J 36 8 


59 8 


31 27 


/ // 

4 59 


2 5,6 

o ' 
6 27 


42,0 

o ' 
5 21 


Greatest equa- 
tion of centre 
or deriation 
from mean 
place. 


o ' 
23 40 


o • 
47 


' 

1 55 


o ' 
10 40 


o " 
5 30 
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New planet Vesta 




The eccentricity of the orbit 


88 ' 


Place of Aphelion 


2» 9** 20 


Mean motion in 24 hours — 


16' 18" 


Juno. 




Eccentricity of the orbit — 


254 


Place of Aphelion — 


8» 22® 41/ 


Mean motion in 24 hours — 


13' S5" 


Ceres. 




The eccentricity of the orbit — 


79 " 


Place of Aphelion •— 


10« 26^ 9' 


Mean motion in 24 hours — - 


12* 50^ 7 


Pallas. 




Eccentricity of the orbit 


245 


Place of Aphelion — 


10* 1® 7' 


Mean motion in 24 hours — 


12'50'',9 
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CHAP. XIII^ 



On the motions of the Moon — Satellites — Comefsfr 



228. THE satellites also revolve m elliptic orbits- 
round their respective primary planets, having the 
same law of periodic times, bat considerable devia- 
tions from the equable description of areas take 
place, in consequence of the disturbing force of the 
stui on the satellites, and of the satellites on each 
other. 

The moon being a solitary satellite, we cannot 
apply the law of the periodic time to it. But its^ 
orbit is nearly an ellipse, and it nearly describes 
areas proportional to the times, the deviation from 
which arises from the disturbing force of the sun» 
This ellipse, however, does not retain the same posi- 
tion ; that is, its points of greatest and least dis- 
tance, called its apogee and perigee^ do not retain 
the same position, but move according to the order 
«f the signs, completing a revolution in about nine 
years. 

The laws of the principal irregularities* of the 
moon were discovered long before the cause of 
them. 

* The corrections for liese ui^gularkies (impropeily fio caUed) 
•tiled efwitiont. 
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229. The greatest di^e^ence between the true 
and mean place of the moon, Arising from its eWifcr 
tic motion, or the greatest, equation of the centrei 
is 6^' 18', and this is the most considerable deviation 
from its mean place. But besides the quick mo- 
tion of the apogee, completing a revolution in 
nine years, the eccentricity of the ellipse is also 
variable: hence the motions of the moon appear 
so irregular, that it would have been alinost impossi- 
ble to have developed the elliptic motion from th^ 
phaenomena ; and therefore, without a knowledge 
of the form of the planetary orbits, it is hardly to 
be supposed that an ellipse could have been applied 
for explaining the motions of the moon, although at 
first sight the superior advantage of being in the cen- 
tre of the orbit might lead us to suppose that the 
laws of its motions would be more easily known* 

230. The periodic time of the moon Qiay be as« 
certained with great exactness from the comparison 
of ancient eclipses with modern observations. At 
an eclipse of the moon, the moon being in opposition 
to the sun, its place is known from the sun's place, 
which can, back to the remoti^^t antiquity, be com- 
puted with precision. Three eclipses -of the moon, 
observed at Babylon in the year 720 and 719 B. C. 
are the oldest observations recorded with sufficient 
exactness. By a comparison of these with modern 
observations, tl\e pevipdiq time of the moon is found 
to be 27^* 7*** 43'. IT'i, not differing i a second from 
tlje re&ult pbtalned l?y ^ec^nt observations. Yet 
W0 cannot u^ those ancient observations fordeter- 
Ipi^^\g the ipean motion at the present time ; for 
by a coni^pArison of .the above-mentioned eclipses 
with eclipses 9bserved by the Arabians in the 8th 
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and 9tb centuries, and of tbe latter with the modem 
observations, it is well ascertained that the motion 
of the moon is now accelerated. This was first 
discovered by Dr. Halley, and, since his time, bas 
been perfectly established by more minute compu- 
tations. For a considerable time the cause remained 
unexplained ; till M. Laplace shewed k to be a vari- 
ation of a very long period, arising from tbe dis- 
turbance of the planets in changing the eccentricity 
of the earth's orbit* He has computed its quantity* 
which closely agrees with that deduced from obser- 
vation. The moon's secular motion, the motian in 
a century, is now 7'i greater than it was at the time, 
the above-mentioned eclipses were observed at 
Babylon. 

23 i. The two principal corrections of the mean 
place of tbe moon, beside that of the equation of 
tbe centre, are called the eveetion and variation. 
The eveetion depends upon the change of the eccen- 
tricity of th« moon's orbit, and sometimes amounts- 
to 1^.20'. This was discovered by Ptolemy. The 
variation which was discovered by Tycho Brahe de- 
pends upon the angular distance of the moon from 
the sun, and amounts, when greatest, to35^ The 
other corrections arise only to a few minutes. But 
the number of corrections or equations used at pre- 
sent in computing the longitude alone of the moon, 
are thirty-two, and in computing the latitude, 
twelve. 

232. It was before mentioned, that the nodes of 
the lunar orbit move retrograde, completing a revo- 
lution in eighteen years and an half. This motion is 
not uniform. The inclination of the orbit remains 
nearly the same, but not exact • The motion af 
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the apogee is subject to considerable irregularities: 
its true place sometimes differs 12^^ from its mean 
place. This was known to the Arabian astronomers, 
but seems to have been first accurately stated by Hor- 
rox, whose extraordinary astronomical attainments 
will be afterwards noticed. He shewed the law of its 
change, and gave a construction for determining its 
quantity, which was adopted by Newton. 

233. On all these accounts the computation of 
the exact place of the moon from theory is very 
difficult, and the formation of proper tables is one 
of the greatest intricacies in this science. No small 
degree of credit is due to the industry of those who, 
by observation alone, discovered the laws of the prin- 
cipal irregularities. Ptolemy, by his observations 
and researches, determined the principal elements 
of the lunar motions with much exactness. Horrox, 
who adopted the discoveries of Kepler, formed aboat 
the year 1640 a theory of the moon, founded partly 
on his own observations. From this theory. Flam- 
stead, about the year 1670, computed tables, which 
he found gave the place of the moon far more accu- 
rate than any other. Flamstead himself soon after 
furnished observations, by which Sir Isaac Newton 
was enabled to investigate, by the theory of gravity, 
the lunar irregularities, which he has given in his 
ever memorable work. Notwithstanding the field 
opened by the publication of the ** Principia," and 
the known necessitv of exact tables of the moon for 
the discovery of the longitude at sea, seventy years 
elapsed from the publication of that great work, be- 
fore any tables were formed for the moon, which gave 
its place within one minute* Clairaut made, after 
Newton, the first considerable advances in the im- 
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ffOfmrnnemt of the lunar theory from the principles cxf 
gwntation. Professor Mayer, of the university of 
Ooldngen, first published tables, by which the moon's 
pboe might be computed to one minute. The inge- 
nuity esLhibited in his theory and tables> and the in- 
eredible labour exerted in their computation and 
▼erifioatioii, will always render his memory distin- 
guished* He died in lYGS, at the early age of thirty- 
nine^ worn out by his great and incessant exertions. 
His widow reeeived from the British parliament a 
reward of ^3000. About the year 1780, Mr. Ma- 
son, under the direction of Dr. Maskely ne, to whom 
modem astronomy is so much indebted, improved, 
by con«derable alterations and additions, the tables 
of Mayer. Till very lately these were the tables 
generally used. Improved tables have now been fur- 
nished by M. Burg of Vienna, which appear to give 
the place of the moon to less than twenty seconds. 
The improvements in these tables were founded en- 
tirely ©n the observations of Dr. Maskelyne, for 
. which purpose S600 places of the moon, observed at 
Gfemwich in the space of about thirty years, were 
useci. 

The tables of M. Burg have been superseded by 
diose pf M. Burckhardt, which are now used in com- 
fmtmg the Nautical Almanac, and Conn, des Temps. 
They are probably more accurate, and certainly more 
convenient than those of M. Burg. 

'9S4. Eclipses of Jupiter's satellites furnish us 
with ready methods for fi^nding the principal ele- 
ments of &eir -orbits* Their mean motions about 
4lie centre cff Jupiter are deduced by observing, 
after a long intewal, ihe time elapsed between two 
eclipses of the same satellite, when Jupiter is near 
opposition. In this manner the mean motion may 
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be attaitied to \^ith great accaracy. The places of 
the tiodes and the inclination of their orbits, may be 
found by observing the different durations of the 
eclipses of the same satellite. Their orbits are all 
inclined by angles less than 4o^ to the platie of Ju- 
piter's orbit. The two first satellites move in orbkf 
very nearly circular, as astronomers have not been 
able to detect any eccentricity. The third has a va- 
riable eccentricity. The orbit of the fourth satellite 
is more eccentric. The inclinations of their orbits, 
and the places of their nodes, are variable. 

The complete illustration of the motions of the 
satellites from gravity was, till about thirty years 
ago, a desideratum in astronomy. The attraction of 
the satellites to each other principally occasions the 
difficulty. M. Laplace has since fully developed 
their motions, and furnished Theorems, by which M; 
Dclambre has computed tables, which give the times 
of the eclipses with great exactness. 

255. It is a very remarkable circumstance, that 
the mean longitude of the first satellite, together with 
twice that of the third, always exceeds three times 
the mean longitude of the second by 180^. From 
whence it follows, that the mean motion of the first, 
together with twice that of the third, is equal to 
three times the mean motion of the second. M. La- 
place supposes this was only nearly true with re- 
spect to the primitive motions, and that the mutual 
action of the satellites rendered the relation e;x;act, 
as we find it. From the former relation it follows, 
that the three inner satellites can never be eclipsed at 
the same time. 

The three inner satellites of Jupiter return to the 
same position, with respect to one another, in 4r37| 
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dgjs. . Hence this is the period of the irregularities 
of the three first satellites arising from their mutual 
disturbance. 

236. Little more is known of the satellites of Saturn 
than their periodic times and distances from Saturn, 
and that the planes of the orbits of the first six are 
nearly in the plane of the ring, while that of the se^ 
▼enth is considerably inclined to that plane. 



On the orbits and periodic returns of Comets. 



2S7. When a comet appears, the observations to 
be made for ascertaining its orbit are of its declina- 
tions and right ascensions, from which the geocentric 
latitudes and longitudes are obtained. These obser- 
vations of right ascensipn and declination must be 
made either with ' an equatoreal instrument, or by 
measuring with a micrometer, the differences of 
the declination and right ascension of the comet, and 
a neighbouring fixed star. The observations ought 
to be made with the utmost care, as a small error 
may occasion a considerable one in the orbit. The 
orbits of the planets being elliptical, it would natu- 
rally occur to try whether the motions of the comets 
are not also in elliptical orbits. But here the diffi- 
culty is much greater.than for the planets. For the 
latter we have observations in every part of their 
nearly circular orbits. For the comets we have obser- 
vations only in a small part of their orUts, which are 
very eccentric, and of which many make considerable 
angles with the ecliptic Hence to determine the or- 
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bit of a comet, from such observalions as we can inake 
during its appearance, ranks among the most difficult 
problems in astronomy. 

2S8. Before the time of Newton, astronomers 
either did not suppose their orbits elliptical, or de- 
spaired of being able to determine them from obser- 
vation. Not long, however, before the publication 
of the *• Principia," Mr. Doerfell, a German, found 
that the motion of the famous comet of 1680, inight 
be nearly represented by a parabola, having the sun 
in its focus. This comet appeared to approach the 
sun directly, and descend from it again in the same 
manner* 

When the action of gravity was subjected to cal- 
culations by the illustrious Newton, the theory of the 
motions of comets became perfectly understood, and 
it was concluded that their orbits in general wer^ 
very eccentric ellipses* But in computing an prbit 
from observations, all we are in general abl^ to do, is 
to repr^ent, with accuracy, the comet's motion while 
in the neighbourhood of the sun, and visible to us. 
We c^n do this by supposing the orbit a parabola, 
and on that hypothesis, computing its elements, in 
which way we can determine its path with sufficient 
exactness to make the observed and computed places 
agree very nearly with each other. ""^ It is seldom, in« 
deed, that we can expect to compute the elliptic or- 
bit from the few observations we are enabled to make. 
We may, it is true, deduce many eccentric ellipses 
that will represent, with the same accuracy as the pa> 

* Sir Iflaac Newton first gare the solution of diis proUem, fliiSch 
he calls ** longe difficiUimiun.*' JXSmnt solutions hare since been 
giyen by Tarious authors. The best seems to be that of Laplace. 
(Mecanique Celeste, Tom. 2, p, 881.) 
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ittboJa, the appftrent aiotion. W^re w^ to attempt to 
^eomipaite the exact dlipee, the necessary errors of 
observation would render our conciiisioDs quite un* 
iiertain* HencCf in general, we Jbave no knowledge 
aF the acKi^ .and consequeatly of the periodic time^ 
^iit from former observations <€f the same ccnnet 

12M» There are five elements which we may 'Conai^ 
der.a^ deterimiiiqg tbie identity of a corned: these are 
ihe Peribelioft distance, the plaoe of the JPerihelion^ 
the place of the node^ the inclination of its orbit^ and 
its motion beii^ direct or retrograde. If two cornets^ 
recorded in history, are found to agree in tb^se cir- 
cumstances, there can hardly be any doubt of their 
identity, and consequently we obtain the knowledge 
of its periodic time, and are enabled to point out the 
future appearances of the comet. 

'240. Dr. Hatley found that the comet which he 
(Observed in <16M» agreed in these circumstances With 
'ttnft observed hy Kepler in 1607, and with that ob- 
served by Apian in 1531, whence he foretold that 
it would return again in the latter end of 1758, 
remarking, that it would be retarded by the attrac- 
tion of Jupiter. Its motion was retrograde, and the 
elements of the -orbit deduced by Dr. Halley from 
the t^servations rf Apian in r581, of Kepler in 1607, 
and of himself in 1682, also the elements deduced 
iVom the observations in 1759, were as follow : 



"Passage "dirongh 
i^ertbeUaii. 



D. H. 
l^i ,Aug. 21.18 
1607 Oct. 26 8 
leSS"^. 14 4 
19J9 Slar. 138 14 
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jSartli*84a«. 
unity. 



Place of 
Perihelion* 
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This oooMit wa» retaopded by the acti<»n of Jupiter, 
«9 iEhrt HftNejr had foretold. This retardation was 
HK^re ex&(^y computed by ClaLriaiiit, who ialsp calcu^ 
'kted fhe retardation by Saturn. The result of his 
computation published before the return of the corne^ 
"fixed Afh'il 15 ibr the time of the paossage through 
P^rihelicm : it bi^p^ned on March Vi. Do*, tialle/is 
own computation appears ako very ^exact, when it is 
x;onsidered that be did not «llow for tbe letardation 
by Satani. 

A -comet was e)&pected ib l7«d, 'beQause^one'ob- 
ter^red iti 15S2 «wa^ supposed to ibe the -same us ^ne 
^^sertM iki 1661. Halley mebtioned tbe^dbabtlky 
df their bejr^-tlie same, but ndt mrith coiifid^ce, and 
dte erent has made it very doubtfol whether they 'were 
the same. 

241. An ingenious <)dmpul»tion htis' -been made 
4:iy liapiate from the dddrlne <»f dikinQes, (tto'shew 
Hhe -probability of two ^ebtn^ 4))ring the «anve,iftotn 
u near agreement 'of tbi&^&temcnts. It is 'Unneceiaaiy 
tbHdetitfl^t length the ifiethDd liet^e. It «vi^io«€B^diilt 
^e iiViMser of ^fS&f^ti^. eofin^ts does not eiiceisd (0M 
thilUdn, a limit probably sufficiently ^Mt^isi^e. fPias 
chance that two of thetse, differitig in • their ipetiodic 
times, '^gt^efe in each of the five elemenfikitithln cer- 
tain litiiits, itiay be-computed, by which it'«was fimdS 
txy be as 1200 : 1 that tlfe ecHfnets of 46S7 4md 1M£ 
wei'e not different, andtlHts-HaUeytv^M justly: alnw^ 
confident of hs re-appearancfe in \1f^. As it did 
appear then, we may^e:iq«i^t, witli aAgreeof proba- 
bility approtldhing almdst >Wichout limit to certainq^ 
that it "Will i^e^p))^af "n^ainfat the (xitDplelnon of its 
^^icmI. B^t iiiri^t'e^pe^t to 4ibe cornet p 
1789, from the supposition that those of 1661 and 



1 92 ELEBdOBNTS OF ASTRONOMY. 

15S2 were the same, the case is widely different. 
From the discrepancy of the elements of these 
comets, the probability that they were the same is 
only S to 2| and we cease to be surprised that we did 
not see one in 1789. 

Comets that appeared in 1264 and 1556 are sup- 
posed to have been the same, whence this comet may 
again be expected in 1848. 

242. A comet appeared in 1770, very remarkable 
from the result of the computations of Lexell, which 
indicated a period of only 51 years; it has not been 
observed since. There can be no doubt that the pe- 
riodic timexif the orbit, which it described in 1770, 
was justly determined : for M. Burckhardt has since, 
with great care, re-computed the observations, and 
his result gives a periodic time of 5i years. * 

Lexell had remarked, that this comet, moving in 
the orbit he had investigated, must have been near 
Jupiter in 1767, and would also be very near it 
again in 1 779, from whence he concluded that the 
former approach changed the Perihelion distance of 
the orbit, by which the comet became visible to us, 
and that in consequence of the latter approach, the 
Perihelion distance was again increased, and so the 
comet again became invisible, even when near its 
Perihelion. This explanation has been in a manner 
confirmed by the calculations of Burckhardt, from 
formulas of Laplace. He has found, that before the 
approach of Jupiter, in 1767^ the Perihelion distance 
might have, been 5,08, and that after the approach 
in 1779, it may have become 3,33, the earth's dis- 
tance being unity. With both these Perihelion dis- 
tances the cpmet most have been invisible during its 

* Laplace Mecanique cdest. Tom. 4. p. 2S5. 
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vfhole revolution. The Perihelion distance in 1770 
was 0,67. 

S^S. Hiis comet was also remarkable by having 
approached nearer the earth than any other comet 
that has been observed : and by that approach hav- 
ing enabled us to ascertain a Umit of Its mass or 
quantity of matter. Laplace has computedi that 
if it had been equal to the earth, it would have 
shortened the length of our year by J of a day. 
Now it has been perfectly ascertained, by the com- 
putations of Delambre on the Greenwich observa- 
tions of the sun, that the length of the year has not 
been changed in consequence of the approach of that 
comet by any perceptible quantity, and thence La- 
place has concluded that the mass of that comet is 
less than -jl^j^ of the mass of the earth. The small- 
ness of its mass is also shewn by its having traversed 
the orbits of the satellites of Jupiter without having 
occasioned an alteration in their motions. From these 
and other circumstances, it seems probable that the 
masses of the comets are in general very inconsidera- 
ble; and therefore that astronomers need not be 
under apprehensions of having their tables deranged 
in consequence of the near approach of a comet, to 
the earth, or moon, or to any bodies of tbt system. 



/ 
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CHAP. XIV. 



On Edipses of the Sun and Ifoon— ^Tran^s of 
Venus and Mercury aoer the Sun*s disc. 



244. THE eclipses of the sun and moon, of all 
the celestial phsenomena, have most and longest 
engaged the attention of mankind. They are 
now in every respect less interesting than formerly ; 
at first they were objects of superstition ; next, be* 
ibre the improvements in instruments, they served 
for (Perfecting astronomical tables ; and last of all, 
they assisted geography and navigation. Eclipses 
of the sun still continue to be of importance for 
geography, and in some measure for the verification 
of the tables. 

Eclipses of the Moon. 

245; An eclipse of the moon being caused by the 
passage of the moon through the conical shadow of 
the earth, the magnitude . and duration of the 
eclipse depend upon the length of the moon's path 
in the shadow. 
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htl AB and TE be sections of the sun and earth 
by a plane, perpendicular to the plane of 
Pig. 3i. the ecliptic. Let ATV and BEV touch 
these sections externally, and BPG and 
AMN internally. Let these lines be conceived to 
revolve about the axis CKV ; then TVE will form 
the conical shadow, from every point of which the 
light of the sun will be excluded. The spaces be- 
tween GT and PV and between VE and MN will 
form the penumbra^ from which the light of palt 
of the sun will be excluded, more of it from the 
parts near TV and EV than from those near PG 
and MN. 

The semi-angle of the cotie (TVK) = sem. diam. 
€un (CTA) — horizontal parallax of the sun (TCK) 
The angle subtended by the semidiameter of the 
section = SK:V=^TSK— KVT*: horizontal parallax 
of the moon + horizontal parallax of the sun — semi- 
diameter of the sun. 

The angle of the cone being known, the height 
of the shadow may computed. For height 6f 
shadow : rad. of earth : : rad. : tan., J angle of 
cone ; also the diameter of sectipti c^ the shadow 
at the moon is known, for f SO : dist. dloon : : tan. 
sem. diam. of section of sha9« : radius. 

The height of the shadow varies from 215* to i?20 
semidiameters of the earth, and nearly varies in- 
versely as the apparent diameter of the sun. 

^4f6. When the moon is entirely immersed in the 
shadow, the eclipse is total ; when only part of it is 
involved, partial ; and when it passes through the 
axis of the shadow, it is said to be central and totaL 
Tfate breadth of the section of the shadow at the 

o 2 
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distance of the moon is about three diameters of the 
moon ; therefore when the moon passes through the 
axis of the shadow, it may be entirely in the shadow 
for nearly two hours (art. 1S2.) 

The angle SKV is, when greatest, about 46^: 
therefore as the moon*s hititude is sometimes above 
5«, it ii evident an eclipse of the moon can only 
take place when it is near its nodes. 

$47. The circumstances of an eclipse of the moou 
can be readily computed. The lat of the moon at 
opposition, the time of opposition, the horizontal 
parallax of the moon, and diameters of the sun and 
moon are known from the tables. Let the 
Fig. S5. circle OCK represent the section of the sha- 
dow at the moon, EF the patb of the centre 
of the moon, OC the ecliptic, and CL the latitude 
of the moon at opposition. In the right angled 
triangle CHL we know CL and HCL (=:the incli- 
nation of the lunar orbit nearly). Hence we find HC 
and HL. HC never differs more than a few seconds 
from CL. From HC and CF (the sum of the semi- 
diameters of the section of the shadow and moon) we 
compute FHasHE, and thence EL and LF. By 
the table we can compute the angular velocity of 
the moon in its orbit relatively to the sun (or its oppo* 
lite point C) at rest. Thence we can find the time of 
describing FL and LE, or the time firom the ban- 
ning of the eclipse to opposition, and the time from 
opposition to the end. And as the time of opposition 
is known, the times of b^^inning and ending of the 
eclipse are known. 

If the diameter rbtlt of the moon be divided into 
twelve equal parts, called digits $ then, according to 
the number of these in bty the eclipse is said to be 
of so many digits. ' 
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24>8. The greatest distance of the rooony at oppo* 
sitioDy from its node, that an eclipse can happen, 
is about ll^fy and is called its ecliptic limit. When 
the moon is nearest the earth, let CD represent the 
semidiameter of the shadow at the moon, 
Fig. 36. and LD the semidiameter of the moon 
touching it ; LN the apparent path of the 
inoon, and N the place of the node. Then NC is 
the limit of the distance of the node from conjunction, 
at which an eclipse can happen. 

Sin. angle N (5^ 17) : rad : : sin. CL (sem. moon 
+ sem. section = 63 when greatest) : sin. NC 

(ll^i.) 
249* If the moon's nodes were fixed, eclipses 

would always happen at the same time of the yearj, 
as we find the transits of Venus and Mercury do, and 
will continue to do for many ages : but as the nodes 
perform a revolution backward in about 18i yearSt 
the eclipses happen sooner every year by about nine- 
teen days. 

In 223 lunations, or 18 years, 10 days, 7 hourt, 
and 43 minutes, or 18 years, 11 days, 7 hours and 4S 
minutes, according as there are five or four leap years 
in the interim, the moon returns to the same position 
nearly with respect to the sun, lunar nodes and apo> 
gee, and therefore the eclipses return nearly in the 
same circumstances : this period was called the Chal- 
dean Saros, being used by the Chaldeans for fore- 
telling eclipses. 

250. From the refraction of the sun's light by the 
atmosphere of the earth, we are enabled to see the 
moon in a total eclipse, when it generally appears of a 
dusky red colour. The moon has, it is said^ entirely 
disapp^red in some eclipses. 

The Penumbra makes it very difficult to observe 
accurately the commencement of a total eclipse of 
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the moon i an errpr of above a minute* of time ii^ay 
easily occur. Hence lunar ; eclipses now are of 
little value for finding geographical longitudes. The 
best method of observing an eclipse of the moon i» 
by noting the tinie of the entrance of the different 
spots into the shadow, which may be considered as so 
many difi^rent obhervations* 



Eclipses (^ the Sun, 

251. From what has been said of the earth's sha- 
dow, it is easy to see that the angle of the moon's 
shadow is nearly equal to the apparent diameter of 
the sun. Hence we compute that the length of th^ 
conical shadow of the moon varies from 60i to 55i 
semidiameters of the ejiyth. The moon's distance 
var'es from 65 semiaiameters to 56. Therefore 
sometimes when the moon is in conjunction with th^ 
sun, and near her node, the shadow of the moon 
reaches the earth, tsnd involves a small portion in to- 
tal darkness^ and so occasions a total eclipse of th^ 
sun* The part of the earth involved in total d^rkpesa 
is always very small, it being ^o near the vertex of 
the cone ; but the part involved in the Penumbra 
extends over a considerable portion of the hemi- 
sphere turned toward t^^ $un : in these parU the sua 
appears partially eclipsed. 

* 

25^. The length of the shadow being sometimes 
]&is th$ai the moon's dist/mce froi^i th^ earth, no part 
of the earth will be involved in total dairknes^ ; h^% 
t\^ ipbiihitai^ of those places, uear tbQ axiik ^ 
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the cone will see an annular eclips^, that 
Fig. 37. ifif an annulus of the sun's disc will only be 
visible. Thus Jet HF, LU, be sections of 
the sun and moon. Produce the axis SV of the 
cone, to meet the earth in B : from B draw tangents 
to the moon, intersecting the sun in I and N. The 
circle, of which IN is the diameter, will be invisible 
at B, and the annulus, of which IH is the breadth, 
will be visible. 

It has been computed that a total eclipse of the 
sun can never last longer, at a given place, than 
7' 38", nor be annular longer than 12' 24". The 
diameter of the greatest section of the shadow that 
can reach the eaith is about 180 miles. 

255. The general circumstances of a solar eclipse 
may be represented by projection with considerable 
accuracy, and a map of its progress on the surface 
of the earth constructed* (Professor Vince's Astron. 
vol. 1.) 

The phsenomena of a solar eclipse at a given 
place may be well understood by considering the 
apparent diameters of the sun and moon on the con* 
cave surface, and their distances as affected by pa- 
rallax. When the apparent diameter of the sun is 
greater than that of the moon, the eclipse cannot be 
total, but it may be annular. 

From the tables we compute for the given place 
the time when the sun and moon are in conjunction, 
that is, have the same longitude. From the horizon- 
tl parallax of the moon, given by the tables, at this 
time, we compute its effects* in latitude and longi- 

* Or rather the eflfects df the difference of the ponOlazesof the tun 
snd moon. 



900 ELEMENTS OF ASTRONOMT* 

tude ; by applying these to the latitude and longi-' 
tude of the moon, computed from the tables, we gel 
the apparent latitude and longitude, as seen on the 
concave surface ; and knowing the longitude of the 
tun, we compute the apparent distance of their 
centres, fjfom whence we can nearly conclude the 
time of the beginning and ending of the eclipse, espe- 
cially if we compute by the tables the apparent ho* 
rary motion of the moon in latitude and longitude at 
the time of the conjunction. About the conjectured 
time of beginning* compute two or three apparent 
lon^tudes land latitudes, and from thence the appa- 
rent distances of the centres, from which the time 
may be computed by proportion when the apparent 
distance of the centres is equal to the sum of the ap- 
parent semidiameters, that is, the beginning of the 
eclipse. In like manner the end may be determined. 

The magnitude also of the eclipse at any 
Fig. 38. time may be thus determined : let SE be 

the computed apparent difference of longi- 
tude of the centres L and S, LE the computed ap- 
parent latitude of the moon. In the triangle SLE 
we have therefore LE and ES to find SL the dis- 
tance of the centres. Hence mn (the breadth of the 
eclipsed part of the sun) = Ln 4. Sm — SL is 
known. 

254?. The ecliptic limiu of the sun (tlie greatest 

distance of the conjunction from the node 
Fig. 39. when an eclipse of the mn can take place) 

may be found as follows : kt CN and NL 
be the ecliptic and moon's path, and CN the dis« 
tance, when greatest, of the conjunction from the 
node $ as the angle N (the inclination of |iie orbit) 
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mfty be considered as constant, when CN is greatest^ 
CL, the tnie latitude of the moon, is greatest. The 
true latitude = apparent latitude ± parallax in la- 
titude = (when an eclipse barely takes place) sum of 
the semidiameters -|- parallax in latitude. There^ 
'fore at the ecliptic limits the parallax in latitude is 
the greatest possible, that is, when it is equal to the 
horizontal parallax. Hence CL == semidiameter 
moon -}- sem. diam. sun + hor. par. moon.* There- 
fore CL (when greatest) = + 33' + 61' (=- l^S*') 

1 A J I, • xTri CO*. N X tan. LC. 

nearly. And because sm. NC =r— — % j we 

find NC = 17*^ 12' nearly. An eclipse may happen 
within this limit ; but if we take CL s 30' + 54' 
(the least diameters and least parallax) =: 1^ 24' we 
find NC =15^ 19' and an eclipse must happen within 
this limit. 

255. There must be two eclipses, at least, of the 
sun every year, because the sun is above a month in 
moving through the solar ecliptic limits. But diere 
may be no eclipse of the moon in the course of a 
year, because the sun is not a month in moving 
through the lunar ecliptic limits. 

When a total and central eclipse of the moon hap* 
pens, there may be solar eclipses at the new moon 
preceding and following, because, between new and 
full moon, the sun moves only about 15^, and there* 
fore the preceding and following conjunctions will 
be at less distances from the node than the limit for 
eclipses of the sun. As the same may take place at 

• It is scarcely necessary to mention the horisontal parallax of die 
sun in this investigation. It should properly be the horiiontal pargUas 
•f the moon— -hor. p v. sun. 

t Art €0^ 83 and 132. 
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the opposite node, there may be six eclipses in n 
year. Also when the first eclipse happens early in 
Januaiy, another eclipse of the sun may take place 
near the end of the year, as the nodes retrograde 
nearly 20® in a year. Hence there may be seven 
ech'pses in one year, five of the sun, and two of the 
moon. 

256. Thus more solar than lunar eclipses happeUy 
but few solar are visible at a given place. 

A total eclipse of the sun, April 22, 1715, was 
seen in most parts of the south of England. A total 
eclipse of the sun had not been seen in London 
since the year 1140. 

The eclipse of 1715 was a very remarkable one; 
during the total darkness, which lasted in London 
3' 23", the planets Jupiter, Mercury and Venus, 
were seen ; also the fixed stars Capella and Aide- 
|>aran. Dr. Halley has given a very Interesting ac- 
count of this eclipse,* which is said by Maclaurin 
to be the best description of an eclipse that astrono* 
mical history afibrds. A particular account is also 
given in the Phil. Trans, by Maclaurin of an annular 
eclipse of the sun, observed in Scotland, Feb. 18, 
1737. He remarks, that this phaenomenon js so rare, 
that be could not meet with any particular descrip- 
tion pf an annular eclipse recorded. This eclipse 
was annular at Edinburgh during 5' 48'> 

257. The beginning and end of a solar eclipse can 
be observed with considerable exactness, and are of 
great use in determining the longitudes of places : 
but the computation is complex and tedious, from 
the necessary lilpwances to be made for paral- 
lax. 

• PhiL Tnm. Vgl. 29. 
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Transits of Venus and Mercury. 

258, The planets Venus and Mercury are BQVMr 
times in inferior conjunction when near thdr nodes: 
they then appear as dark and well defined spots on 
the body of the sun. Mercury oaH only be seen hy 
the assistance of ^ telescopet but; Venus may be 
seen by the eye, defended with a smoked glaas^ or 
on the image of the sun formed in z dark room by 
an aperture in tlie window. Venus appears in • 
telescope, a well defined black spot, 57^' in diar 
meter. The diameter of Mercury is only about 11''. 

259. The transits of Mercury arc much more frer 
quent than those of Venus. This is merely acci- 
dental, arising from the proportion of the periodic 
time of Mercury to that of the Earth, being nearly 
expressed by several pairs of small whole numbers. 
If an inferior planet be observ^ in conjunction near 
its node (or in a certain place of the Zodiac)^ it will 
be in conjunction in the same pdaee of the Zodiae« 
after the planet ^nd the earth have each completed 
a certain number of revolutions. Now it is easily 
computed from th9 periodic times of Mercury aad 
the earth, that nearly 

7 per. of the eaytU'^ r€>Y. ^ 29 per. ©f Merairy^a. 
13 - of the earth «=« 54» ofMercuryw 

, 3$ - of the e^rth ^ 137 of Mercuiy* 

Tl^erefore tr^nsita ^qf Mercury, at Ae wmQ oodllf 
may happen at intervals of 7s }3, 33, 8cc« years. 

3 per. of the ef^rth's rev.*?? nearly 1? per« of the rer» 
of Veous. 
' Tber^ ar^ 90 intervening \jvhole numbers till 

99$ per. of the earliH ^ w%x\y 38a-.p<HPi* of Venus. 
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Hence a transit of Venus, at the same node, ma^ 
happen afler an interval of 8 years. If it does not 
happen after an interval of 8 years, it cannot happen 
till after 235 years. 

At present the ascending node of Venus» as seen 
from the sun, is in S* 14^, and the descending node 
in 8* 14^. The earth, as seen from the sun, is in 
the former longitude in the beginning of December, 
and in the latter in the beginning of June. Hence 
the transits of Venus will happen for many ages to 
Mme in December and June. Those of Mercury 
will happen in May and November. 

260. A transit of Mercury happened at the de- 
scending node in May 1799, and the next will take 
place at that node in 1832. One happened in 1802 
at the ascending node, another in 1815, and a transit 
will take place at that node in 1822. 

In the years 1761 and 1769 there were transits 
of Venus, Venus being in her descending node: the 
next transit at that node' will happen in the year 
2004* But a transit was observed at the ascending 
node in the year 16S9 by Horrox, who had previ- 
misly computed it, from having corrected the tables 
of Venus by his own observations, all other astrono- 
mers having been ignorant of its occurring. This 
transit will again happen at the end of 285 years 
firpm that time, or in the year 1874. 

261. Horrox, who resided near Liverpool, when 
quite a youth, engaged in the study of astronomy 
with extraordinary enthusiasm and success. His 
having improved the tables of the motion of Venus 
so as to predict and observe this curious phenome- 
non, is one of the least of his astronomical perfor- 
mances. He wrote an account of his observation in 
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a dissertation, entitled, ^^ Venus in sole visa," whicb^ 
many years after his death, was published by Heve- 
lius . at Dantzic. This roused the attention of his 
Qountrymen to make enquiries respecting him, and 
to. examine whether any of his manuscripts were 
remaining. A small part only of what were known 
to have existed, were found, and were puUished by 
Dr. Wallis about SO years after his death.* Thus 
had not his manuscript ** Venus in sole visa'' acci- 
dentally fallen into the hands of Hevelius, there is 
reason to suppose, that in a few years scarcely any 
trace of this extraordinary young man would have 
remained. The apparent neglect of his oountrym^i 
must be attributed to the civil wars, which almost 
immediately followed his death. He had no assist- 
ance in his labours, except from a friend, of the 
name of Crabtree, who lived at the distance of 20 
miles. He also cultivated, with much ardour and 
ability, this science. Their correspondence is extant. 
Crabtree, informed by Horrox, observed the transit 
at his own place of abode. Horrox died at the ear- 
ly age of 22, in the year 164il ; and from what we 
see of his works that remain, it appears highly pro- 



• Tlie account Dr. Wallis haa gtran of the fate of Horros's manu- 
icripts is interesting. Some ware brought to Ireland, by his brother, 
who died here; these hare never been found. Many were burned* 
during the civil wars of England, by some soldiers, who, seaicfaing 
for plunder, found them where they had been concealed. Some ware 
used in composing a set of astronomical tables, called the British Table$, 
published in 1657. These were afterwards destroyed in the great fire 
at London, in 1666. The part that Dr. T^^allis has published, waa 
found in the ruins of a house at Manchester, in which hlafiiend Crab- 
tree had resided inany years Nfore. 
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bttUe that, had his life been longer spared, bis fame 
would have solpaseed that of all his predecesdon* 
His Theory of the Moon has been beJTofe mentioMd 
(art 25S.) He seems to haye beefti the fit^t AstMk 
Homer who reduced the sun's parallax to nearly what 
it has sine6 been determined. All astronomers be^ 
fiyre Xe^er had made it more than two minutes: 
Kepler stated it at 59" : but Horroi:, by a variety of 
iiigeiiioos arguments^ evincing his superior knowledge 
in the science, shewed it highly improbable that it 
WlM more than l***.* He al^ supposed that the 
dfMc of VeliuS) when seen on the sun, would not sub- 
tend a greater angle than T; whereas, according to 
Kepler, it would be Y» Hprrox, soon aflcr he had 
entered on this sciencei was convinced by his own 
observations of the value of Kepler's diK^overiel^* 

262. The transits of the inferior planets afford 
ihe best observati(ms for obtaining accurately the 
places of their node^ and also the best observatiooii 
Ibr determiniog their m^n motions. 

The transits of Venus also afford us far the most 
accurate method of ascertaining the sun's distance 
from the eaith^ and therefore the magnitude of the 
whole system* 

Dr. Halley first proposed this method of finding 
the sun^s distance. He had observed, at the island 
of St. Helena, a transit of Mercury over the sun's 
disc, and thence had concluded that the total ingress 
«nd the beginning of the egress of Venus might b« 
observed to 1*^ of time : from whence, as he said, the 

« 

* Dr. Halley, above sixty yean after, by ai^itincxits, nol very di»> 
fiimilar to those of Horrox, endesTourad to shew that it ^ptos not mam 
«ian 12"f. 
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sun's distance might be determined within ,^^ of the 
ii^ole distance. Experience afterward shewed^ that 
the times of total ingress and the begintiing of egreM 
oSiftld not be observed with certainty nearer than threQ 
or four seconds. 

Q63» To explain from whence the accuracy of thit 
method arises^ let us consider Venus and Jthe sun as 
moving in the equator, and that observations of ; the 
total ingress are made at two places in the 
F%. 40. terrestrial equator : let AB be the equator^ . 
S and V discs of the sun and Venus, piu:- 
pendicular to, and as seen from the equator. To a 
spectator at A the internal contact (or the total in-; 
gress) commences, ^hen to a spectator at B, the edge : 
of Venus is distant from the sun by the angle VBS. 
The difference then between the times of total ingress, 
as seen from B and A, is the time of describing VBS 
by the approach of the sun and Venus to each otTtet^ 
Venus being retrograde and the sun direct. Hence 
from this dijSerence of times, and the rate at which * 
Venus and the sun approach each other, we fiml 
VB& And the sine of VBS : sine of VSB : ^ Ve* 
nus's distance from the sun : Venus's distance frtflh 
the earth. Tiie relation of Venus and the earth's 
distance from the sun, as found by the method in art: 
97, may be used. Therefore the angle VSB,* the 
angle subtended by the two places A and B at the 
sun is known, and consequently the angle the semi- 
diameter of the earth subtends, will be found in a 
matiner similar to that in the note of art. 58. 

** iPor extreme accuracy the distance of the places A and B is to be 
dixninished by the arch of the e^ator, described in the interval of the 
at each place. 



y 
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864. Thii siinplificatibn of the problem may serve 
for an illustration, and to point out its superior ao- 
curaqr. But the actual computation of the problem 
if very complex, principally on account of the incKn 
nation of Venus's orbit to the ecliptic, and on ac- 
count of the situations of the places of observation at 
a distance from the equator. The accuracy of the 
method consists in this: that the times of internal 
contact can be observed with great exactness, and 
dienoe the angle VBS computed, and therefore ASB. 

At inferior conjunction, the sun and Venus ap- 
proach each other at the rate of about 240' in an 
nour, or 4" in a minute. Hence if the time of con- 
tact be erroneous at each place 4^" of time, the angle 

VBS tnay be erroneous 1^ == -^ of a second, and 

therefore the limit of the error of ASB about 17- of a 
second.* 

265. This method then in &ct comes to the same 
as to find the angle at the sun, subtended by two dis* 
.tant places on the earth's surface ; but this angle can 
be determined much more accurately by the times of 
ingress, than by the micrometer. On account of the 
difference of the apparent magnitudes of Venus and 
Mercury, the internal contact of the former can be 
determined much more accurately than of the latter. 

This method requires the difference of longitude of 
the places to be accurately known, in order to com- 

« Tills comet to the same, as bei^g aUe to obseire a thread of Ught 
(the interval between the limbs of Venus and the sun, when the former 
has just entered upon the bodj of the sun) of only ^ of a second ia 
breadtii. Thus bj the transit of Venus we can probably measure • 
amaller aogla than by any other methecL 
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pare the actual timqs of contact. The longitude of 
the Cape of Good Hope being well ascertained, ob- 
sprvations of the transit of Venus in 1761, made 
ibere, were compared with many made in Europe, 
*pd the mean result gave the parallax = 8,47 se- 
conds. 

266k But it seemed more convenient not to depend 
en the knowledge of the difference of longitudes of 
two places. Jt appeared better to compare the dif- 
ferences of duration at two places, at one of which 
the duration wa$ lengthened and the other shortened. 
If we assume the parallax of the sun, which we know 
nearly, we can compute the difference of duration at 
i9ny place from what it would have been, had it been 
observed at the earth's centre.* Hence we can com- 
pAKC the diffejre^ce of duration at two places, at one 
^f which the duriation 13 shortened and at the other 
lengthened* Thus we shall have a double effect of 
the parallax, and we pan compare the computed re- 
sult with the difference observed. From the error 
we can correct the horizontal parallax ^sumed. 

The transit of Venus in 1769 was, observed at 
Wardhus in Lapland, and at the i$l^nd of Qtaheite 
in the South Sea. 

Assuining the sun's parallax 8,83 seconds. 
By computation the duration wiis 

lengthened at Wardhus - 11' 16",9 
Diminished at Otaheite - 12" lo",0 
Puration greater at Wardhus than ■ - ' 

at Otaheite - - - 23 26'',9 

By observation - - 23' 1 0^,0 



• See Dr. Maskelyne*s Method and Computation, puge 99S of 
Professor Vince*s Astr, voL i. 



SIO ELEMENTS OF ASTRONOMY. 

This shews the parallax is less than the parallax 
assumed, and to make the observed and compoted 
difference of durations agree, the parallax must be 
taken 8'',72. This last conclusion points out the ac- 
curacy of which the method is susceptible. A dif- 
ference of excess of duration of 17" makes only a 
difference of T99 of a second in the parallax. 

267. The observations of the transit of 1761 were 
not so well adapted for determining the sun's pa- 
rallax as those of 1769. From the latter the pa- 
rallax was ascertained with great exactness. The 
mean of the results seems to give 8*^,72 the sun's pa- 
rallax at the mean distance, which probably is with- 
in 1^ of a second of the truth. The transit of 1769 
occurring in the middle of summer, very many places 
of high northern latitude were well situate for ob- 
serving it, but in all those the duration was affected 
in the same way. 

The duration is most lengthened when the com- 
mencement is near sunset, or when the sun is near 
the western horizon, and the end near sunrise or 
when the sun is near the eastern horizon. The du- 
ration of the transit in June 1769 was about six 
hours. That the commencement and end should take 
place under the circumstances above mentioned) it evi- 
dently required that the place of observation should 
have considerable north latitude. Wardhus near 
the North Cape is in 70^ 22' N. lat. The commence- 
ment was there at 9^* 34' in the evening, and end at 
15^- 27'. 

The duration would be most shortened when the 
commencement was near sunrise, and end near sun- 
set, and the duration being only about six hours, this 
required that the days should be shorter than the 



^ 

' 
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nights, and therefore the place must be on the south 
side of the equator, and such that the commence- 
ment must be after sunrise and end before sunset* 
Consequently the choice of situations was much cir- 
cumscribed. 

Astronomers were therefore much at a loss for a 
proper place for observing this transit, when fortu- 
nately Otaheite was discovered. The situation of this 
island was as favourable as could be desired, and the 
British government, induced by a memoijal from the 
Royal Society, ordered thither a ship with proper 
persons to make the observation. In consequence of 
which, the first of the celebrated voyages of Cook 
took place. The transit commenced at Otaheite about 
half past nine in the morning, and ended about half 
past three in the afternoon, and thus happened dur- 
ing the most fiivourable part of the day. 



V2 
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CHAP XV. 



llie veldciUf^H^ Lights dnd aberration of the fixed Stan 
€md Planets— tke equation of Time— Utah. 



268. The velocity of light is the greatest vdocity 
iTiat lias yet been ascertained. Astronomy furnishes 
two m^hods of measuring it. Without the discover 
ries in astronomy, the Telocity of light would have 
remained unknown. The eclipses of Jupiter's satel- 
lites! Aiid the aberration of the fixed stars, shew us 
that the velocity of the reflected light of the sun, and 
the velocity of the direct light of the fixed stars, are 
equal. 

269. The elder Cassini suspected from observations 
of the eclipses of Jupitei-'s first satellite, that light 
was not instantaneous, but progressive. Roemer first 
fully established this fact, by a great variety of ob- 
servations of the eclipses of the satellites of Jupiter. 

Let the mean motion of a satellite be computed 
from two eclipses separated by a long interval, Jupi- 
ter being at each at its mean distance from the earth. 
Then an eclipse, when Jupiter is approaching con- 
junction, and therefore farther fi*om the earth, hap- 
pens later than is computed by the mean motion so 
determined. When Jupiter is in opposition, it hap- 
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pens sooner than according to the mean motion so 
determined. 

From a great variety of observations, it appears 
that the velocity of light is such, that, moving unir 
formly, it takes sixteen minutes to move over the 
diameter of the earth^s orbit, or eight minutes in 
moving from the sun to us. This velocity is about 
10,000 times greater than the velocity of the e^rth^ 
which, as has been said, moves nineteen miles in a 
second. (Art. 1 IS.) 



On the aberration of thejixei Stars and Planets. 

270. Another proof of the velocity of light i$ d^ 
rived from the aberration of the fixed stars. The 
fixed stars appeaY, by observations made with accu- 
rate instruments, to h^ye a small annual motion, rp- 
turning at the end of a year precisely to the same 
place. A star near the pole of the ecliptic appeal^ 
to djescribp about the pole a small circle parallel to 
the ecliptic; the diameter of this circle is 40.'' Stars 
in the ecliptic appear to describe small arcs of the 
ecliptic 40" in length. And all stars between thf 
ecliptic and its poles appear annually to describe 
ellipsesi the greater axes of which are parallel to the 
^iptic, and equal to 40''. The axis minor is found 
by diminishing 40" in the proportion of the sine of 
the star's latitude to radius.. These phaenomena can- 
not take place from the parallax of the annual orbit, 
because by it the latitude of a star would be greatest 
yfjtien in opposition to the sun, whereifs tlien tl^ere is 
jOP^erxfUion in laljti|4e. 
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271. Dr. Bradley, who first discovered this appa--. 
rent annual motion, when endeavouring to discover 
the parallax of y draconis, also first explained the 
cause of it* It arises from the velocity of the earth 
in its orbit, combined with the velocity of light.* 

272. The application of a few mathematical prin- 
ciples enables us to explain and compute^ with the 
greatest exactness, the laws of this phsenomenon, 
which although not the most striking, is perhaps one 
of the most pleasing objects of astronomical contem- 
plation. The apparent irregularities of the motions 
of the different stars, might, for a longtime, have 
baffled the exertions of astronomers, had not the hap- 
py thought of applying the motion of b'ght occurred to 
Bradley himself. 

Let SA be the direction of light coming from a 
fixed star, and entering the telescope AD, 
Fig. 41. carried in the direction DEF, by the motion 
of the earth. If the direction of the tele- 
scope be the same as the direction of the rays of light, 
it is clear that no ray can come to an eye at D, as 
from the motion of the telescope with the spectator, 
they will be all lost against the interior of the tube. 
But if the tube be inclined in the position DB, so 
that BE : DE : : vel. of light : vel. of the earth, then 
a ray SB parallel to SA, entering the tube at B, 
will pass through the axis of the tube in motion. 



* Dr. Bradley*s own account of this phenomenon is very interest- 
ing, and is found in the Phil. Trans, vol. 55. His observations wera 
made with a zenith sector. In the present state of astronomy, an instru- 
ment, whether a quadrant or transit, that will not readily shew the 
changes of the quantity of aberration, must be considered as a very ilk 
ferior instrument. 
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and be seen by the eye arrived with the telescope 
at E9 while the light is passing from B to E. The 
ray of light will be always found in the axis of the 
telescope, carried by the motion of the earth, paral- 
lel to itself. The telescope being in the position 
EC, the star is judged to be in that direction, al- 
though it be actually in the direction £B. Hence 
EEC is the angle of aberration, and the aberration 
is always toward that part of the heavens, to which 
the earth is moving. As BE is above 10,000 times 
greater than DE, it follows that the angle DBE 
must be very small, and therefore its equal BEC, the 
aberration must be very small. It is evident that DBE, 
and therefore BEC, is a maximum when BDE is a 
right angle, because sin. DBE : sin. BDE : : DE : BE 
: : vcl. earth : vel. light, a given ratio. Therefore when 
sin. DBE is greatest, the sin. BDE is greatest, 
that is, when BDE is a right angle. Then vel. of 
light : veL of earth : : sin. BDE (rad.) : sin. of great- 
est aberr. and therefore sin. of greatest aberr. 

rad. X vel. of earth . . 

= J—-—-- = sme 20" nearly. 

vel. of light. '' 

273. It may illustrate this matter, to consider the 
earth at rest, and the particles of light from the star 
having motions in two directions, viz. the actual ve- 
locity of light in the direction BE, and another in a 
direction parallel and opposite to the earth or mo- 
tion DE; by this compound motion, the particles of 
light would pass down the tube DB. 

To the naked eye the sensation must be the same, 
whether the light strikes the eye with a motion in 
the direction ED, or the eye strikes the light in the 
opposite direction ; and therefore we may consider the 
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light meeting the eye as comiDg in a direction com- 
pounded of two motions, that of light, and that of 
the earth, and therefore the tome aberration take» 
place as in a telescope. 

274. The direction of the earth's motion is always 
toward the point of the ediptic 90^ behind the sun.. 
Hence the stars all aberrate toward this point of the 
ecliptic, from which consideration the general phse- 
Aomena of the aberration may be easily undeiN* 
stood. 

Also the phaenomena of the aberration may bt 
thus shewn : 

Conceive a plane passing through the star, pa- 
rallel to the plane of the earth's orbit, and a line iti 
tins plane, parallel to the direction of the earth's 
motion, the length of which is to the star's distance^ 
as the velocity of the earth to the velocity of light, 
the extremity of this line will be the place in which 
the star appears. Now we may consider, without 
sensible error, the orbit of the earth as circular, and 
its velocity as uniform ; therefore this imagilUiTy Ifaie 
drawn from the star, parallel to the tangent to 
the earth's orbit, will be always of a constant length; 
and as the tangent in the course of a year completer 
a revolution, this imaginary line will also, in the 
course of a year, complete a revolution, and its ex« 
tremity describe a circle about the star. To a spec- 
tator on the earth, the star in the course of a year 
will appear to describe the circumference of this 
imaginary circle, the plane of which is parallel to 
the plane of the earth's orbit: and he will ortho- 
graphical ly project this circle on the concave surface, 
by which it will appear an ellipse. To find the axia 
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major of this ellipse^ we are to consider that the 
diameter of the circle of aberration^ perpendicular 
to a circle of longitude passing through the star^ 
will be projected into the axis major of the ellipse. 
When the earth, seen from the sun, is in this circle 
of longitude, the line joining the star and earth will 
be at right angles to the direction of the earth's mo- 
tion, and therefore the aberration will be then greatest, 
and equal to 20" (art. 272.) Hence the semiaxit 
major of the ellipse is 20". The starfe longitude is 
most increased when the star's and sun's longitudes 
differ by 180*, and most diminished when the longi- 
tude of the sun is the same as that of the star. 
When the sun's longitude exceeds that of the star 
by 90^, the radius of the circle of aberration is in 
the plane of the star's circle of longitude, and is di- 
minished by projection on the concave surface, in 
proportion of the sine of the star's latitude to radius. 
The radius of the imaginary circle, thus diminished, 
becomes the semiaxis minor of the ellipse. The 
star's latitude is most diminished when the sun's lon- 
gitude exceeds that of the star, by 90®, and most 
increased when the sun's place is 90® behind the 
star. 

When th^ star is in the ecliptic, it is evident that 
the imaginary circle of aberration must be projected 
into a right line, or rather an arch of 40'*. A star 
in the pole of ^ the ecliptic appears to describe a cir- 
cle 40^' in diameter, because the imaginary circle 
is not changed by prc^tion. In practice it is ne- 
cessary io compute the effects of aberratiqn in right 
ascension ^nd declination.^ 
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275. The aberration of a planet is somewhat dit 
ferent from that of a star ; for if the planet's motion 
were equal and parallel to that of the earth, no aber- 
ration would take place. From the small velocity 
of the moon about the earth, compared with the 
velocity of light, no sensible aberration takes place 
with regard ta its Telocity about the earth ) and the 
moon and earth being carried together round the sun 
with nearly the same velocities, no aberration from 
thence occurs in the place of the moon. 

The best method of finding the aberration of a 
planet or comet, is by first considering the effect of 
the earth's motion on the apparent place: this is 
the same as for a fixed star ; and then the aberration 
arising from its own motion 5 this is readily com- 
puted ; for the planet, supposing the earth at rest, 
appears in the place it was in aLthe emission of the 
light which reaches the eye, and therefore it is only 
necessary to compute the place of the planet for a 
time, so much earlier by the space of time that the 
light is coming from the planet to the earth. 

276. The velocity of light determined by the 
eclipses of Jupiter's satellites has been considered as 
exactly the same as that determined by the aberration 
of the fixed stars.* 

• The maximum of aberration deduced from the velocity of light, as 
determined by the eclipses of Jupiter's satellites, appears to be 20'% 25. 
Bradley's obserrations appear to give the same quantity ; but Bradley 
himself on a revision of his observations, fixed it at 20". But recent 
observations, made at the observatory of Trinity College, Dublin, with 
the 8 feet circle, give it so great as 20/^, 80. M. Bessel, from Dr. 
Bradley's Greenwich observations, makes it 20^^, 71. Lindenau, from 
obserrations of the pole star in R. Ascension, makes] it 20^', 45. M. 
Struve, from obienrationf in Right Ascennon, makes it 20^, 60. It ^ 
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As we are certain of the velocity of light by the 
eclipses of Jupiter's satellites, and also that the conse- 
quence of that velocity, and of the velocity of th# 
earth, must be an aberration in the fixed stars ; we 
have, from the observation of the aberration^ an inde^ 
pendent proof of the motion of the earth. 



Equation of Time. 

277. The rotation of the earth on its axis is among 
the few perfectly equable motions known ; the pe- 
riod of which, or 24 hours of sidereal time, might 
serve as a measure of duration ; but this is not con- 
venient for the purposes of civil life. For these, the 
period of a solar day, or the interval elapsed between 
two successive passages of the sun over the meridiani, 
is a much more convenient measure of time. But 
this interval is variable, for it is greater than the 
time of the earth's rotation by a variable quantity. 
This variable quantity is the time the hour circle 
passing through the sun takes to move over an arch 
equal to the increase of the sun's right ascension 
during a solar day. Now the daily increase of the 
sun's right ascension is variable from two causes, viz. 
the inclination of the ecliptic to the equator, and 
the unequal apparent motion of tlie sun in longitude* 
It is evident that the sun's increase of right ascension 
must be variable, on account of the obliquity of the 
ecliptic to the equator ; because, when the sun is in 

appears, tharefore, highly probable that it exceeds 20^, 25. By conti- 
niiiog the obsenratioiiSi it is hoped, greater certaiqty will be obtained in 
this important element 



>.' 
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Aries, its motion being oblique to the equator, the 
riite of increase of right ascension must then be 1^ 
than the rate of increase of longitude ; when at the 
tropics, its motion is parallel to the equator, and toe- 
ing nearer the pole of the equator than the pole of 
the ecliptic, its motion in right ascension must be tbcQ 
grecUerfhan its motion in longitude.** Hence it is 
evident that the length of a solar day must be vari^ 
able, and consequently that time, \vhich is called op- 
parent solar tinier or apparent time measured by a 
solar day and parts of a solar day, must require a cor- 
rection, which is called the Equation of Time, The 
perfection of the mechanism of a clock depends on 
the uniformity of its motion ; therefore a clock in- 
tended to shew solar time, must be regulated ac- 
cording to f mean solar time, and the equation of 
time must be allowed in deducing apparent time from 
the time shewn by a clodc. Apparent time is better 
adapted for civil purposes, mean time is necessary in 
computing the circumstances of the various celes- 
tial phsenomena. 

278. If the sun, instead of moving in the ecliptic^ 
moved uniformly in the equator, the interval between 
two transits of the sun over the meridian would then 
be always the same, and would be an exact measure 
of time. Let us suppose then an imaginary sun 
moving uniformly over the equator in the same time 
in which the sun appears to move over the ecliptic^ 

* It is not difficult to prove tibat the rate of increase of the sun's 
right ascension is, to the rate of increase of its longitude, as radiua 
multiplied by the cosine of the obliquity of the ecliptic, is to 
the square of the cosine of the sun'^ decUnation. The last term 
iiecrea«es frotm the ejpijnoz to the solstice, aiid therefore the first ;nu8t 
increase. 

+ Art. 199. 
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imd having its rigfat ascension, or distafieie from the 
begini^ing of Aries, equal to the mean longitude of 
the sun. The time measured by this imaginary sun 
^ hi6ving> is called mean solar time or mean tirHt* 
l%e hour circle passing through this iknnghiary sun 
d^^ribes SiO degrees in 24 hours mean time, «iA 
that through the real sun the Mne in 24 hours app»» 
i^ent time, therefore ettch describes 15 degrees in an 
hour.* 

2?9. The difterence bettv^n mean and solar time, 
the eqtudi^ of time^ is evidently ^ual to the difier- 
elice between the riglit ascension (rf* the sun and the 
mean longitude ^f the sun, cpnvefted into time at tj^ 
Jwte off 360^ for ^4^ or 15*^ for 1 hour. 

The suh'6 toean longitude is given by the solar 
tkbles, and thence the true longitude: by the latter, 
liftid the obliquity of t^e ecliptic, the right ascension 
toiy be^^mputed, amd then the difierencef of mean 
tengitude and right ascension, converted into time 
tit the rate of 15^ an hour, is the equation. Hence 
ihe computations for finditig the right ascension df 
the sun, will also serve for finding the equation of 
time. 

280. The changes of th^ quantity of the equation 



* Hie greatest difference between 24 hours mean time, and S4 
liours apparent time, is 30'', 

+ Accurately the equation of time is the difibrence between the sun's 
i^ht ascension, and mean longitude reckoned on the equator i&om the 
true equinox, becliUse the right ascenabn is comptited from the tHie 
tigpiiDox. By the Sun^s m^ean longitude, reckoned on the equatDr fjtam. 
the true equinox, is meant, the sun's mean longitude (always reckoned 
from the mean equinox) corrected for the equation of the equinoxes in 
right ascension. 
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of time in diflTerent parts of the year, may be 
Fig. 42. readily ynderstood, for let VMPQEAONR 

represent the celestial equator extended 
into a right line, VJGQDLR the ecliptic, J the 
ton at the summer solstice, D at the winter solstice. 
Take VG = S* 9«^t, and G is the place of the sua 
when the earth is in Aphelion. Take GQL = 180^ 
and L is the place of the sun when the earth is in 
Perihelion. Let M, E, A and N be the places of the 
imaginary sun, when the sun is at G, Q, L, and R or 
V respectively. Then VM = VG, because at Aphe- 
lion the true and mean longitudes are the same* 
(Art. 222.) therefore by spherical trigonometry 
M is between V and hour circle G P, that is, M is to 
the westward of the hour circle passing through the 
suny and therefore mean time then precedes appa- 
rent time : and because between G and L the true 
angular motion is less than the mean (Art. 222.), 
ME is greater than GQ = MQ, and therefore E is 
to the eastward of Q, consequently mean time then 
follows {^parent time. A is to the . westward of the 
hour circle OL, because QA = QL = S' 9^^, and 
therefore then mean time precedes apparent. N is 
also to the westward of R, because from L to 
R the motion in longitude is greater than the 
mean motion, and therefore AN is less than LR =: 
ARy and therefore then mean time precedes apparent. 
And, considering these circumstances, it will ap- 
pear that between G and Q the equation vanishes, 
and also between Q and L, but not between L and 
R, but between V and G it twice vanishes. Thus 

* This 18 so, not taking into consideration the fdnall effects of th|i 
lunar equation and equations for the disturbances of the ^i^aisU. 



ELEMENTS OF ASTRONOMY. 223 

mean and apparent time coincide four times in 
a year : these times will be found to be about April 
15, June 15, August 31, and December 24. The 
equation, it is easy to see, will be at its maximum, 
somewhere between Q and L; because when the 
sun is at Q, the mean sun will be behind it at E, 
and will become still more behind, because it moves 
faster in longitude than the true, and the effect of 
the increase of longitude of the sun is diminished by 
the obliquity of the ecliptic for some time after 
it has passed Q. The maximum is 16' 16^^, and hap- 
pens about the second of November. 

A more particular consideration of the equation 
of time would be useless here. Indeed every thing 
of consequence may be considered as explained, 
when it is said to be equal to the difference, convert- 
ed into time, between the sun's true right ascen- 
sion and mean longitude, corrected for the equa^ 
tion of equinoxes in right ascension. 

281. It is to be observed, that the circumstances 
of the equation of time will change, with a change in 
the longitude of the earth's Aphelion, which moves 
forward from the equinox at the rate of 1^2'' in a 
year. The longitude at present, as seen from the 
Aun', is 9* 9°i. About 4000 years B. C, (the suppos- 
ed time of the creation) it coincided with the place 
of the earth at the vernal equinox. 

The time shewn by a dial, is apparent time, for 
it is the angle between the hour circle passing throu^ 
the sun and the meridian, converted into time. 



On Dialling. 
282. In a dial, the shadow of a straight line^ by its 
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intersection with a gyren plane, points out the appa- 
rent hour. The line by which the shadow is made, 
is called the stile or gnomon. Let a meridian line be 
drawn on a horizontal plane, (art. 202, &c.) and on 
this plane a gnomon or stile fixed, making an angle 
with the mtridian line equal to the latitude of the 
place, and being also in the plane of the meridian- 
This gnomon thai will be in the direction of the ce- 
lestiai Mxk (art. S9,) the shadow therefore will always 
be in the plane of the hour circle in which the sun is, 
and because the sun is always in the same hour circle 
at the same distance firom nocm, whatever be its de- 
clination, it follows that the intersection of the sha- 
dow and horizontal plane is always the same at a given 
hour. Therefore these Intersections of the shadow 
being marked, will always serve for pointing owt the 
hour from noon* These intersections are called hour 
lines of the dial, and a dial thus constructed is called 
an horizontal dial. The aoi^ that these hour lines 
«Qake with the meridian may he determined ^;^ fol- 
lows: 

2SS. Let PO be the elevation of the pole. 
Fig- 43. HP the hour cirde 15° distant from the 
meridian, intersecting the horizon HO in 
H« Then HCO, C being the centre of the sphere, 
is equal to the an^ between the hour line of ^one 
o'clock and the meridian on the dial : for CH is the 
horizontal intersection of the shadow of the axk. PC 
at one o'clock. 

By spherical trigonometry, 

Rad. : sin. PO (lat.) : : tan. HPO (15^) : tan. HO 
(HCO.) 

Thus the angle which any hour line makes with 
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the meridian, may be found, and a horizontal dial 
constructed. 

If a vertical plane, facing the south, at right an- 
gles to the meridian, be used, the intersections of the 
shadow and this plane, or the hour lines of the dial 
will be found, by computing the distances of the hour 
circles from the meridian on the prime vertical. A 
dial so constructed is called a vertical diaL 

It is evident that the plane of the dial may make 
any given angle with the prime vertical* and the hour 
lines be readily computed by a spherical triangle. 
When the plane of the dial faces the east or west, the 
stile is placed at a distance from, and parallel to its 
plane, because the plane of the dial is itself in the 
plane of the meridian* 



8 
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CHAP. XVI. 



Apfiicaticn of Astronomy to Navigation — Hadlet/^s 
Sextant — Latitude at Sea — Apparent Time — Varia-^ 
Hon of the Compass — Longitude at Sea. 



284. THE uses of ^tronomy in nav^ation are Tery 
great. It enables the seaman to determine by celes- 
tial observations his latitude and longitude, and 
thence discover his situation with an accuracy suffi- 
cient to direct him the course he ought to steer for 
his intended port, and to guard him against dangers 
from shoals and rocks. It also enables him to find 
the variation of his compass* and so affords him the 
means of sailing his proper course. 

Almost all the astronomical observations made at 
sea, consist in measuring angles, and the difficulty 
of taking an angle at sea, on account of the unsteady 
motion of the ship, is sufficiently obvious. In taking 
an altitude, the plumb-line and spirit-level are en- 
tirely useless. In observing the angular distance of 
two objects, the unsteadiness of the ship makes it im- 
"possible to measure it by two telescopes, or by one te- 
lescope successively adjusted to each object. 

285. These difficulties were soon seen when nauti* 
cal astronomy began to be improved. Many at- 
tempts were made to invent a proper instrument* 
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The ingenious Dr. Hooke proposed several method*. 
Mirny years afterward Mr. Hadley proposed tht 
instrumem called Hadlej's quadrant, now however 
usually called Hadley's sextant, fov a reason that will 
be mentioned. A few years after Mr. Hadley's in- 
vention was communicated to the world, n paper of 
Sir Isaac Newton's was found, describing an instru- 
ment nearly of the same construction. The prin- 
ciple of this invaluable instrument is, that in taking 
the angular distance of two objects, the image of one 
of them seen after two reflections, coincides with the 
other object seen directly ; and this coincidence is in 
no wise affected by the unsteadiness of the ship. The 
operation by which the coincidence is made^ measures 
the Angular distance of the objects. 

286« Let A and B be two celestial or very distant 
olijects; HO, IN the sections of two plane mirrors^ 
in the plane passing through the objects and eye. 

The mirrors are supposed to be perpendi- 
Fig. 44. cular to this plane. Let a ray of light, AC, 

frotn the object A, incident on the mirror 
IN, be reflected in the direction CR, and so be in- 
cident on the mirror HO, from whence it is again 
reflected in the direction RE, coinciding with the 
direction of a ray, BR, from the other object, B. 
Then an eye any where in the direction of the lint 
REy will see the oliject A, coincident with the object 
B, if a portion of the mirror, immediately above the 
section HO be tlransparent Thus we may make 
two distant objects appear to coincide by a proper 
position of the mirrors, viz. by inclining the mirrors 
at an angle equal to half the angular distance of ths 
objects. For produce the sections of the mirrors to 
meet in M, and produce AC to meet BRil in £• 

5?« 
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Then Z E = BRC— RCE = (by the principles of 
reflection) 2 HRC— 2 RCM = 2 M, or the angular 
distance of the objects equals twice the inclination 
of the reflectors. Hence if we move the reflector 
IN, so that both objects may appear to coincide, and 
can then measure the inclination of the reflectors, we 
ihall obtain the angular distance of the objects. 
This principle is used in Hadley's sextant as fol- 
lows. 

287. ACB may represent the sextant 
Fig. 45. The angle ACB is 60«>, but the arch AB 
extends a few degrees beyond each ra- 
dius. A moveable radius, CV, called the index, 
revolves about the centre C, carrying a plane mir- 
ror, IN, perpendicular to the plane of the sextant, 
which mirror faces another mirror, H, also perpen- 
dicular to the plane of the sextant. This latter mir- 
ror is fixed with its plane parallel to C A, the position 
of the mirror IN, when the radius CV passes through 
zero or (o) of the arch. The upper part of the mir- 
ror H is transparent, through which, by help of 
a telescope fixed at T, parallel to the plane of the 
sextant, the object S may \)e seen directly, while the 
image of M, seen by reflection, appears to touch it. 
The angular distance of the objects M and S, it then, 
as has been shewn, = twice the inclination of the 
mirrors H and IN = (because H is parallel to CA) 
2 VGA. Hence the degrees, minutes and seconds 
in VA, shewn by a vernier, attached to the extre- 
mity of the index, would give half the angular dis- 
tance of the objects ; but ai the arch VA is only 
hajf the angular distance of the objects, for conve- 
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nience each degree, 8cc. is reckoned double ; thus if 
VA be actually 42*=^, it is marked S*^, &c. 

m 

The mirror IC is called the index glass^ and H 
the horizon glass, because in taking the altitude of 
the sun at sea, the horizon is seen, directly, through 
this glass. 

In most sextants there is a provision for adjusting 
the plane of the horizon glass, parallel to the radius 
passing through zero of the arch, or rather parallel 
to the plane of the index glass, when the index is at 
zero of the arch. This is done by making an image 
coincide with its object seen directly,' when the in- 
dex passes through zero. Or the quantity of the er- 
ror may be determined by measuring a small angle, 
for instance, the sun's diameter, on each side of zero 
of the arch. Half the difference is the error of the 
index, and it is most convenient to allow for this, as 
it cannot be corrected so exactly as its quantity can 
be ascertained. 

For a more particular account of this instrument 
and its adjustments, see Professor Vince's Practical 
Astronomy. 

288. The best instruments, intended for taking 
the angular distance of the moon from the sun and 
stars, are made with great exactness. The radius of a 
sextant varies in length from five to fourteen inches. 
The usual length is about ten or twelve inches, and 
these admit of measuring an angle to 10^ or less, 
by help of the vernier. Ordinary instruments are 
also made, merely for taking altitudes. Plain sights 
are only used with these, and they are seldom 
adapted to take altitudes nearer than two or thre« 
minutes. 
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As an altitude is never greater than 90^, it is etf^ 
dent, for an altitude, a greater areb than 45^ is no€ 
required* The instruments, therefore, made eaiy 
for taking altitudes, should properly be called octafUs, 
instead of quadrants, as they are sometimes named* 
The angular distance of the moon from a star i» 
sometimes measured when 120^, for such distance» 
an arch of 60^ is necessary, and therefore the inttru- 
nents intended for the longitude at sea are calleci 
sextants. 

In the octants, particularly, there is often a provi- 
sion for measuring angles greater than 90^, by mea-^ 
surlng the supplement to 180S by what is called the 
back observation* ; this is not often used. 

289: The celebrated Mayer, whose hinar tables 
have been mentioned, recommended a complete 
circle for measuring, the angular distance of the 
moon from the sun or stars by reflection, as in Had- 
ley's instrument. Some of the advantages proposed, 
were similar to those of the astronomical circle over 
the astronomical quadrant ; also by making the ho- 
rizon glass moveable, the same angle could be re^ 
peatcd on different parts of the limb, and by repeat- 
ing the angle many times, and taking a mean, tibe 
errors of division were atmdst entirely done away. 
Two causes may, perhaps, be assigned for this con- 
struction not having been at first adopted ; the 
weight of the instrument rendered it inconvenient, 
and the superior skill of the London artists so con- 
structed and divided sextants, that they seemed fiiUy 
adequate to the purposes of the lunar method df 

* Frofenor Viace'f Practical AstroiLr 
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finding the longitude, in its early state. In its pre* 
tent state every minute source of accuracy is sought 
after, and it is now likely that reflecting circles will 
supersede sextants. The French use an improve- 
- ment of Mayer's circle by Borda. In some reflecting 
circles made by Mr. Troughton of London, the ad- 
vantage of the repeating principle is only in a small 
measure sought for. This is of less consequence, 
from the accuracy with which small circles may be 
divided by the machine invented by Mr. Ramsden; 
and otherwise Mr. Troughton's circles seem mort 
convenient than repeating circles for nautical purposes. 

290. Let us proceed to the application of the sex- 
tant for finding the latitude, apparent time, varia- 
tion of the compass and longitude at sea. 

The latitude at sea is most readily and usually 
found by observing the meridian altitude of the sun. 
At sea the horizon is generally well defined. The 
sextant being placed in a vertical position, the 
upper or lower limb of the sun, by moving the index, 
is brought down to the horizon seen directly. The 
index shews the altitude; but it must be noted, 
thdt as th^ eye of the spectator is elevated above the 
level of the sea, the apparent altitude is to be di- 
minished by the depression of the horizon, called the 
dip. The sun is known to be on the meridian 
when it ceases to rise higher, or when the index an- 
gle ceases to increase. An error of one or two mi- 
nutes is of little consequence in finding the latitude 
at sea, as it makes only an error of one or two miles 
in the place of the ship. Oftentimes the horizon is 
not sufficiently defined to attain to great accuracy. 
A star can seldom be used^ on account of the horizon 
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not being sufficiently visible, but the moon oftentimes 
may. The correct meridian altitude and the decli' 
nation being known, the latitude is easily found, be^ 
ing always equal to the sum or difference of the ze^ 
nith distance and declination* 

291. It often h£q[>pens that it is cloudy at nooi^y 
and therefore an observation cannot be made: this 
sometimes is the ease for several 'days together, 
when perhaps the sun is occasionally seen during that 
time. The latitude in such circumstances may be 
obtained by observing two altitudes* of the sun, and 
noting the interval of time between, by a good watch r 
from these data and the declination the latitude may 
be found. 

It may be mentioned, once for all, that it is here 
only intended to give a general account of the obser- 
vations necessary for nautical purposes* The parti- 
culars of the methods of computation are to be found 
in the different works on nautical astronomy* more 
especially in the work published by Dr. Maskelyne, 
entitled, ** Tables requisite to be used with the Nau^ 
tical Almanac." 

292. The apparent time may be found at sea, by 
observing the altitude of the sun. Then, knowing 
the latitude of the place and the sun's declination, 
we have the three sides of a spherical triangle, viz. 
the sun's zenith distance, the polar distance, and the 
co-latitude of the place, to find the hour-angle, which 
therefore may be had from one proportion. The 
hour-angle converted into time at the rate of 15® for 
one hour gives the apparent time from noon at the 
place of observation. 

293. The latitude being known, the variation of 
the compass is easily found. 
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Previously to the discovery of the polarity of the 
magnetic Deedle, navigators had no means of ascer** 
taining their course upon losing sight of land, but 
by the sun and stars, particularly the polar star. 
They therefore seldom dared to venture far from 
land, knowing that a short continuance of cloudy 
weather might occasion their destruction. On the 
discovery of the compass, an end was put to thia 
difficulty. It must have been known at first that 
the neeiile did not point exactly north, but the devi« 
ation or variation was supposed every where the 
same. So slow was the progress of navigation* that 
nearly two centuries elapsed from the time that the 
polarity of the magnet was well known in Europe, 
before it was discovered that in different places the 
variation was different. Columbus, in his first voyage, 
seems to have been the first who observed it. About 
a century later* the variation of the variation was 
discovered, that is, that the deviation from the north 
at a given place is variable. The variation at Lon- 
don, two centuries ago was 11^ 15' east, and ii now 
25^ west. 

294. On these accounts it is obvious, that the sea- 
man must first ascertain the variation of the compass 
in the place in which he is, previously to his making 
use of it for his course : this he practises by a very 
simple astronomical observation: he notes, by the 
compass, the direction, called the bearing, of the sun 
when it rises or sets. If the bearing is measured 
from the east or west, it is called the amplitude^ From 
the latitude of the place aqd the sun's declinatioi^ 
the azimuth at sun-tjise or sun<»set may be computed 
by the solution of a right angled spherical triangle. 
For in the right angled triangle formed by the sun'i 
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polar distance, elevation of the pole and azimutb» 
eo8. lat. : radius : : sin. dec. : co^n. ' azimuth. The 
difference of the amplitude observed and computed 
grives the variation* 

Sometimes the sun's azimuth and altitude are ob^ 
served : from the altitude, latitude, and declination 
the azimuth may be computed, and thence the varia- 
tion found: or knowing the latitude, sun's declina* 
tion and time of day, the azimuth may be computed, 
and then compared with the azimuth observed. 

395. Places not far distant have nearly the same 
variation, except near the poles* 

It has been supposed that the variation of the 
needle, and latitude, woUld ascertain the position of 
a place, as well as its latitude, and longitude ; and 
therefore that the variation of the needle would serve 
&r finding the longitude. But the variation cannot be 
obtained with sufficient accuracy to apply it to this 
purpose, It seldom can be determined at sea, nearer 
than a degree., 

296. The next subject to be explained, is the method 
ofjiivding the longitude at sea. 

The difference of the apparent times at two places^ 
found by tlve difference of the sun's angular distances 
from the meridian, at any instant, at each place, is 
the difference of longitude, the whole equator being 
considered as divided inta twenty-four hours. 

297. If then we have the time of day at any place, 
the situation of which is known, and compare it with 
the' time at the place in which we are, we obtain the 
difference of longitude. It is easy to find the time at 
the place we are in, (art. 292») and therefore the find- 
ing its longitude is reduced to find the time of day at 
iome giveci place, as at Greenwich, from whence we, 
in these islands, reckon our longitude. 



ELEMENTS OF ASTRONOMT. SS5 

. There are two methods of doing this : by time* 
keepers, or chronometers^ as, watches for this purpose 
are now usually called) and by, making the motions of 
the celestial bodies serve instead of time-keepers. 

298. It is evident, that did a watch or dock move 
continually at a uniform rate* it would afford us a ready 
means of finding the longitude: for if thechronometef^ 
going mean time, were set to the time at Greenwich, it 
would continually point out the time at Greenwich^ 
and therefore by comparing that time with the mean 
time at the ship, we should at once have the difference 
of longitude between Greenwich and the ship. Thfe 
apparent time at the ship can be found with all the 
accuracy necessary, (art. 292.) and then applying the 
equation of time, the nlean time will be obtained. 

1299; It became therefore an object of great impor- 
tance to construct a machine, the unifcfrm motion of 
which might be depended on for a length of time. 

About the middle of the seventeenth century, 
Huygens and Hook made their celebrated improve- 
ments toward obtaining a regular movement in 
clocks and watches, the former by applying the pen- 
dulum to clocks, and the latter by applying a spiral 
spring to tlie balance of watches. 

Huygens himself proposed the pendulum clock, 
for finding the longitude at sea, and quotes trials ac- 
tually made ; but it is obvious, on a variety of ac» 
counts, that a pendulum clock must bo very unfit for 
a long voyage. Watches also when made with the 
utmost care were found to be by much too irregular in 
their rates of going, to be depended on for a length 
of time. 

Under these circumstances an act was passed in 
the reign of Queen Anne, in consequence of a peti- 
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tion from the merchants, for encouraging the disco- 
very of a method of finding the longitude at sea 
within certain limits, for appointing a board of longi- 
tude, and for appropriating certain suras for encou- 
raging attempts. It was understood that the most 
desirable method, on account of its easy practice, 
would be by time-keepers. Mr. John Harrison early 
applied himself to the improvement of time-keepers, 
and during a long life was continually intent on that 
object After many attempts which did his inventive 
genius the highest credit, and for which he received 
encouragement from the board of longitude, be at 
last completed a watch, which he considered perfect 
enough to entitle him to j^20,000, the highest reward 
offered. Accordingly in the year 1761, a trial was 
made by sending the watch to the West Indies, and 
he was considered as entitled to j^1(),000, and the re- 
mainder was to be granted to him upon strictly com** 
plying with the terms of the act In the end, ihe 
whole, in consideration of his long and meritorious 
exertions, was granted to him* 

The act of Queen Anne only specified that to ob- 
tain the reward of j^20,000, the error of longitude 
in a voyage to the West Indies, should not exceed 
thirty miles. This, in time, is about an error of two 
minutes. Harrison's watch went within this limit: 
but it was soon found that the object of finding the 
longitude at sea, by time-keepers, was far from be« 
ing attained. The construction of Harrison's watch 
was extremely difficult. It seems that not more than 
one or two have ever been made on his principles. 
He may be considered as having led the way, and as 
having the credit of attenjpting the two principles of 
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perfection, which have for many years past been in- 
troduced in the construction of chronometers. 

300. The two circumstances, by which chronome- 
ters differ from common watches are, 1. The short 
time in which the main spring acts upon the balance. 
This is accomplished by an escapement, called the 
detached escapement. The action of the main spring 
is suspended during the greater part of the vibration 
of the bajance, and therefore the isochronism of the 
balance spring is only slightly affected by the external 
impression of the main spring, through the interven- 
tion of the wheel work. 2dly, The contrivance for 
preventing the time of vibration of the balance from 
being affected by heat or cold. The balance, instead 
of being an entire circle, as in common watches, is 
composed of two arches (sometimes, but rarely, of 
three) to the end of each of which a small mass is 
attached : the external part of the arch is brass, and 
the internal part steel : these are soldered together, 
and from the different expansive powers of the 
two metals, by cold the arch becomes less curved, 
and by heat the contrary takes place. Thus the 
distance of the attached masses from the centre is 
always such as to preserve the isochronism. Chro- 
nometers well executed may be depended on to' 
y in a day. These improveriients in the con- 
struction of watches have been claimed by seve- 
ral artists, principally by the late Mr. Arnold and 
Mr. Earnshaw.* This is not the place to discuss, 
in any manner, their respective claims, or to en- , 

« The merits of both these artists hare been acknowledged hj 
oooaidendiU grants from th« Board of Loogitude. 
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ter into a comparison of the merits of the watchei 
of different artists. More has already been said 
than may be thought to belong to our subject ; but 
the utility of chronometers, in their present state 
of perfection, is such as to have, in a manner, idend- 
fied them with nautical astronomy. They are be- 
come extremely common, being furnished by seve- 
ral artists, at comparatively small prices, and are of 
most essential value on distant voyages. By them 
the longitude can often be found with great exactness, 
and by carrjring on the reckoning, when astronomical 
observations necessary for finding the longitude cannot 
be made, they will serve to point out the longitude in 
the interim. 

It is evident, that in long voyages, chronometers 
ought not to be trusted to, unless means of Verifying 
them frequently offer ; they are also subject to a 
variety of accidents that cannot be remedied at' sea. 
Hence the lunar method now to be described must 
be considered as much more valuable. 

SOU Of all the celestial bodies, the moon is to us 
&r the most convenient for the purpose of determin- 
ing the longitude : its motion, as seen from the earth, 
being much quicker than that of the sun or any of 
the planets* 

By the theory of the moon's motion, its place on 
the conoave surface is known at any time ; that is, 
knowing the time of the day at Greenwich, the place 
of the moon is known, and vice versa knowing the 
place of the moon, the time at Greenwich is known; 
so that if the lunar tables shew that the moon, seen 
from the centre of the earth, will be 10^ from a cer- 
tain fixed star^ at six o'clock in the evening, at 
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Greenwich, and we make an obserTation at any dis- 
tant placet and find that the moon's distance from 
that star^ reduced by computation to what it would 
be, seen from the centre of the earth, is 10^, we 
immediately conclude that it is six o'clock at Green- 
wich. 

Thus the moon, with the brighter fixed stars near 
its path; may he considered as a chronometer, not 
made indeed by human ^nds but perfect in its con« 
tftruction. It cannot however be easily ysed by u». 
The difficulty principally arises from the slowness of 
the apparent motion of the moon on the concave sur^^ 
face^ and therefore great nicety is required in mea- 
suring the angular distance of the moon from the 
fixed star." The intricacy of the lunar motions is . 
also another source of difficulty. 

But these inconveniences have now in a great 
measure been overcome by the improvements in 
instruments, and in the lunar theory ; and naviga- 
tors now use with much success this method* 

S02. It is briefly as follows : 

The observer measures the moon's distance from 
the sun or a bright star in the zodiac by means of an 
Hadley's sextant or a reflecting circle. This distance 
hiust be corrected for refraction, and reduced to the 
distance that would be observed from the centre of 
the earth, that is, corrected for parallax. The lunar 
tables iare formed to give tl^e place of the moon^ &• 
would be seen from the centre of the earth. For 
Btfore r^dily computii]^ the effects of parallax and 
refraction, another observer should, at the time of 
observing the distance, observe the heights of the 
moon and star. These altitudes need not to be ob- 
served with great accuracy. 
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It being found by a reference to the tables at what 
time the moon was at this observed distance so cor- 
rected, the time at Greenwich is known. 

To find the corrected distance, or to clear, as it is 
termed, the observed distance from the ef- 
Fig. 46. fects of parallax and refraction, let Z be 
the zenith. The star is elevated in a ver- 
tical circle by refraction, and the moon is. depressed 
by parallax and elevated by refraction also in a ver- 
tical circle. Let RP be the apparent distance, R be- 
ing the star and P the moon. In the vertical SZ take 
SR = the refraction of the star, and PM the difier- 
en«e between the moon's parallax and re&action, then 
SM will be the true distance. 
Let H = the app* altitude of the sun or star. 
H' = the app. altitude of the moon 
h = the true altitude of the sun or star. 
h' = the true altitude of the moon 
A = the difi^. of apparent altitudes 
a = the diffi of true altitudes 
Then by spherical trigonometry, 

cos A — COS. RP cos a — cos. SM 

cos H' cos M. = cos.h>:os.h' ^oth these quauti- 
ties being equal to the versed sine of the angle Z. 

cos. h' cos. h # jL 

Hence cos. SM=cos. a — cos. H' cos H ^^^^* "* 

cos. RP). 

Different methods of shortening the computation 
of this formula, for the coiTect distance, are given in 
the works which expressly treat on the subject. There 
are other methods by which the correction of the ob* 
served distance is obtained. * 

* Vid. '* Tables requisite to be used with the Nautital Aknanac" 
Mendoza's Treatise on Nautical Astronomy. Mackay on the Lon- 
gitude. TransacUoni Roy^l Iriih Academyi Vol zi. 



SOB. The incdtiveriiences 6f the lunar tneihold bf 
finding the longitude are, 

1st. The great exactness i'equisite lii observing 
the distance of the moon ftom the star or siin, as a 
small error in the distance makes si considerable er- 
ror in the longitude. The moon moves at the rate 
of about a degree in two hours, or. one mihute of 
ipace in two minutes of time. Therefore, if we 
make an error of diie minute in observing the dis- 
tance, we make an error of two minutes in time, or 
3d miles in longitude at the equator. A single obser- 
vation Witt the besi sextants may be liable to ari error 
of more than half a miriuite : but the accuracy of 
the result may be much increased by a mean of seve- 
ral observations, taken to the east and west of the 
moon. 

If the moon had moved round the earth in dbbut 
fh'i^ee days, the longitude would have been as easily 
fotilid as the latitude. The first satellite of Jupi- 
ter ^hables the inhabitants of that planet to find 
their lohgitudei ^ith as groat dttursicy as can be de- 
^red. 

2d^y. The imperfec^ibh 6^ the lunar tables has 
iHso long been considered as an obstafcle in this me- 
thod. The improved tablies ot Masoii were fre- 
quently erroneous by nearly one minute, which 6c^ 
ciasioned an error of tnirty miles. But there is rea- 
soH to suppose that the error of the new tables of 
Burg and Burckhardt will rarely exceed 15'^, wM^ 
are only equivalent to sieven ihiles and an half. 

3dly. Another source of inconvenience is the 
length of the computation necessary in this method. 
Every tiling possible was done by the late Dr. Mas- 
kelyne for obviating this diflSculty. lie recom« 

R 
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mended the publication of the Nautical Almanacy 
which is now annually continued. In it the mocm's 
distances from the sun and several zodiacal stars of 
the first and second magnitude^ are given for every 
three hours* Such plain rules also, for reducing the 
observed distance to the true, have been laid down> 
more particularly in publications directed by him, 
that the computation is very short, and merely 
mechanical, so that it cannot be mistaken by a person 
tolerably versed in arithmetic 

504. The method above described is now. univer- 
sally practised in the service of the East India Com- 
pany, and begins to be held in much estimation in 
the navy. The East India Ck>mpany makes the know- 
ledge of the practice of this method a necessary requi- 
site in its officers. 

By it the longitude will be generally known to less 
than twenty miles, very often much nearer. This, 
although less accurate than the latitude, is an inva* 
luable acquisition to the seaman : it gives him sufficient 
notice of his approach towards dangerous situations, 
or enables liim to make for his port without sailing into 
the parallel of latitude, and then, in the seaman's 
phmse, running down the port on the parallel, as was 
done before this method was practised. Fifty years 
ago navigators did not attempt to find their longitude 
at sea, unless by their reckoning, which was hardly 
ever to be depended on. The difficulties they expe- 
Tknced are easily conceived* 

305- The present age must consider itself as prin- 
cipally indebted to the late Dr. Maskelyne, the As- 
tronomer Royal, for the advantages which we derive 
from the lunar method of finding the longitude, and 
doubtless to him also posterity will acknowledge 
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their great obligations. He by his own experience, 
on his voyage to St. Helena in 1761, first satisfacto- 
rily shewed the practicability of this method. He 
strenuously recommended,* and then superintended 
the publication of the Nautical Almanac and of 
those tables, without the assistance of which, this me- 
thod would have been of little value to the seaman. 
To his observations is owing the present perfection 
of the lunar tables ; and he unremittingly assisted and 

encouraged every attempt to forward the discovery 
of the longitude at sea, whether by this method or by 

time-keepers.f 

306. It-has been supposed that the eclipses of Ju- 
piter's satellites might be of great use in finding the 
longitude at sea. Experience, however, has shewn 
the contrary ; it has been found impossible to manage 
a telescope on shipboard so as to observe the eclipses. 
All attempts to remedy this difficulty have hitherto 
failed. 



* Vid. Dr. Maskelyne*s memorial, presented to the Commisdoners 
of the Longitude, Feb. 9, 1765, printed in the Appendix to Mayer's 
Tables. 

f Hie Theory of the lunar method is very old ; indeed it is so ob* 
vious, that it could scarcely havet been overlodLed in the in^uicy of 
astronomy : but the practice of it long seemed suti^ject to insunxunuitable 
diOBicttltiei. 



11 d 
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CHAP. XVIL 

Application of Agronomy to Geography — Measme^ 
merits of degrees of Latitude. 

SO?. ASTRONOMY furnisher several laethod^ of 
findiog latitudes aiid longitudes at land. But dp^ 
latter are found with much greater trouble^ and less 
accuracy than the forniier* The methods of finding 
the latitude of a place by observations made by the 
larger instruments^ have been before mentioned, and 
it will here be only necessary to take notice of the 
use* of Hadley's sextant for this purpose. By means, 
fthis portable instrument, the latitude may be found 
from observations of the sun's meridian altitude, with 
a degree of accuracy sufficient for many purposes of 
geography. 

508. At sea, the horkon is generally sufficiently 
defined to serve for measuring the sun's altitude^ 
by Hadley's. sextant ;. but at land, an artificial horir 
zon is. necessary,, that is^ we must make lise of aa. 
homxxatal reflecting surface^ by which, an- image of 
the sun may be formed by reflection. We mea- 
sure by the sextant, the angular distance between 
the upper or lower limb of the sun and its reflected 
image, which distance is twice the * altitude of the 
limb, because the rays of light are so reflected 
that the angles of incidence and reflection are 
equal. 

There are various methods of forming this artifi- 
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cial horizon. Mercury and Water afford the most 
convenient horizontal surfaces, when sheltered from 
the agitation of the air. For general use^ perhaps 
water ought to have the preference* 

309. With respect to the longitudes of places at 
land, bur means of obtaining accuracy are modi 
greater than at sea. We can repeat our observaciont 
at our leisure, and use such observations only as ad^ 
mit of the greatest precision. From the present stat# 
of Geography, as to the more known parts of th# 
world, it cannot be much advanced by the lunar me* 
thod of obtaining the longitude. 

An occultation of a fixed star by the dark edge of 
the moon, observed at two places, the longitade of 
one of which is known, afiards the greatest precision ; 
because this phenomenon is instantaneous. 

Eclipses of the sun rank next, but are not quite 
so accurate^ because the beginning and end of an 
eclipse of the sun cannot be observed so exactly as 
the occultation of a star by the dark edge of the 
moon. The transits of the inferior planets also aferd 
much accuracy. 

The observations, however, which occur most fr^ 
quetitly are the eclipses of the ssttellites of JufHler. 
The first satellite pacing nvore ^ickly intojthe shar* 
dow of Japitev than the others^ is best adapted for 
this purpose. By takmg a mean of the results of the 
observatiofis made on the first satellite, both in its 
knmfevsipoDs and entTsim^ great accuracy cao be ob- 
tained. 

Sia 1^ tb« assistance of a transit instrument, the 
longitude of avplace can be had firom observation 
of the difierence of the times of the passages of the 
moon and a fixed star, compared with the diffiesence 
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observed at Gre^wich or in some place of known 
longitude. 

For the difierence of the differences arises from 
the increase of the moon's right ascension in the 
interval of its passages over the respective meri- 
dians. From the rate of increase of the moon's right 
ascension is known the time corresponcUng to any 
given increase, hence the interval of time elapsed 
between the passages of the moon over the two 
meridians, and then the interval of sidereal tinie 
elapsed between the passages of the fixed star over 
the two meridians* which is the difieren«e of longi- 
tude. 

811. For particulars of the practice and computa- 
tion of all the above methods, reference must be halA 
to the larger astronomical works. 

The computations for occultations, for transits of 
the inferior planets, and for eclipses of the sun, 
are long and complex. This arises from the effects of 
parallax, the phenomena not being observed at the 
same instant by each observer. 

The only difiSiculty, whether at sea or land, for 
finding' the longitude, is to ascertain the time at a 
place where the longitude is known. This may be 
ascertained for near places as well by terrestrial 
signals, as by celestial observations. . An eclipse of a 
latellite of Jupiter may be compared to a signal. 
An explosion or an instantaneous exhibition or extin* 
guishment of a light being observed at two places, and 
the time noted exactly at each when it took place» 
the difference of longitudes will be had by simply 
taking the difference of the times. In this manner 
considerable assistance has been afforded to Geo^ 
graphy. 
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S12. But the mere knowledge of the latitades and 
longitudes of places is not sufficient for the Geo- 
grapher. The exact figure and exact magnitude 
of the earth are also necessary in order to ascertain 
the exact distances of places, to describe and to plan 
the several countries. 

On the hypothesis of the earth being a sphere 
nothing more is necessary toward ascertaining its 
dimensions than to measure the length of a degree of 
latitude: that is, to determine the length of an 
arch of a terrestrial meridian, the latitudes of the 
extremities .of which differ by one degree* The 
mode of ascertaining this is easily understood. 

The difference of latitude of two places in nearly 
the same meridian is tu be ascertained by celestial 
observations. The distance, on the meridian, be- 
tween these two places, is to be obtained by terrestrial 
measurement. A horizontal base line of a Jew 
miles in length, is to be measured in a convenient 
situation, and this base is then to be connected with 
the two places by forming a series of triangles, 
the angles of which are to be measured by a proper 
instrument, and then the distance of the two places 
computed by trigonometry. 

81S. Let Q and T represent two places nearly in ' 
the same meridian QM : the line AC the 
Fig. 47. base, the length of which is ascertained by 
actual measurement. The angles of the 
triangles ACH, APH, KPH, PNQ. also of CHK 
and CTK are to be ascertained by an instrum^it 
adapted for taking angular distances. Two angles 
of each triangle would be sufficient, as from thence 
the third angle is known : but to verify the observa- 



trii^ogle. 

Tkf^ (ifuie AC an() di^ angles of the inangle ACH, 
b^iog koowp, tl^ otber side^ AH and HC are had- 
bj. ^omputatioQ, i^ ibepire the »icie$ of the triangloi ' 
APH, PHN, PNQ, CHK and CTK. 

FjTpin T draw TMG peipendicular to the meri- 
dian QM» akaletBQ^ PEji^and CF be perpendicular 
to QM, and PI\ AB, AE and CG parallel to the 
same. 

Now QM=DP+ AE+AF+GG- The sides PQv 
PA, &c. being known, PD, AS, &c. wrH be had^ 
by the solution oF ri^ht angk*d triangles, provided 
the angles UQP^ EPA, &€. are known. Tliese 
angles will be known if the angle PQM, or the angle 
that the direction oft one of the stations P seen frowst ^ 
Q[ makes wi^h the meridian, beknOfvitn^ Tbiaangh. 
may. be obtained by different methods. 

The sun being observed in the sam^ vertical cip- 
cle as the object P, the azimuth of the sun may baf 
computed from the latitude of the place, the d&-^. 
clination and distance in time of the sun from the. 
meridian : thus, the azimuth off or tbeapgle EQM' 
will be had. '^ 

'I(he pole star when near its greatest elongation 
from tb^ meridian changes its azimuth vetty slowly, 
afid therefore is very convenient: for ascertainmgL 
the direction of the obgect in respect to the meri- 
dian. The difiereuces between the azimuth, of the 
pole star when at its greatest elongations east and 
weilt and< the azimuth of th^Ef obji^ being obtained^, 
half the sum or difference oi these will t^ the azimutl^ 
of the objects 



It is evident that Tn^hen ibe iacJinatioiA of PQ to 
the iDericlian i^ knp^n, tb^ inQtiafitiona of PA» AC^ 
&c. to the meridian ^md its par^UQU will also be 
l^QQwn hec^m^^ tb^ inolipa^oQs ^i th?S9 lia«» to ench 
other ftre (^aqwQ, 

Thff QbsQrYatkMi& being iqh^ foi^ ascertaining the 
leogth pf'QMt thj^ dif^l^iH:^ of latitude of the stations 
Q s^nc\ F ^s ^ Ue gbs^iryed with the uttnost accuracy^ 
by means of a zenith sector or other in^tvumeut af^ 

l^r thh p^rposi^ th^ ^ei^itb dis^tance of a star near 
tii^ ze^i;^ in to be dMtr^ed at, each place, and tha 
siM^ Qr ^ifSbve^ce^ according a^ the st^r ia on a diSev* 
Wt» cor QQ die saine side of the zemtb at each plaee^ 
wH ^y^ die diffeveace of latitude* The cbangea in 
the apparent place of the star, between tke observ** 
tiw#, iMTi^g ^m ab^i^i^tiotv &€• must be takea into 

tlkfii length ol tl^ are* of the mevidian, correspond* 
mg to ahna^Kn difference oi kkitud», being thus found, 
like lisegth of one 4e^ree will be had by a simpk 
psopoetioaki 

$14*. The mioi]^ partk^uliBrs d)ait must be attended 
to, in osdnr to obtain the greatest accuracy, cajinot be 
enumerated here. They are to be met with in the 
lliirQiral iHMTOiMitA q£ the inodeirni measurements. 

If the ipBtniOieni, used iih measucing die angles^ 
give the angular distance and not the horia^ontal 
WgulMl disl0O4oe. between the objects, the eleiradons 
Off* d^oessionSi mm% be ako. observed that thehori* 
VHitaL angleii may^ be corapuJbed. 

Tbe triangtes^ focraed are not plane triangles, but 
spherical triangles not differing much from plane. 
Ths^ sum- of the thvee anglea of each^ if the^fere 
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■omewfaat more than 180^; bat this excess is easfly 
computed and therefore the sum of the three angles 
may be still used for verification. 

The computations of spherical triangles being more 
difiScult than of plane triangles, mathematicians have 
devised ingenious methods to reduce the computa- 
tion of these sf^erical to plane triangles, being as- 
sisted by the small difference between them and 
{dane triangles* 

315. The results of different measurements have 
shewn that the degrees towards the poles are longer 
than those nearer the equator; and therefore that 
the earth is not exactly a sphere. This will be better 
understood by a ^hort account of the principal steps by 
which we have arrived at our present knowledge of the 
form and dimensions of the earth. 

S16* The first niod^n measurement distinguished 
by a tolerable degree of accuracy is that of Norwood 
in 1685. He ascertained the difference of the lati- 
tudes of Londcm and York, and then measured their 
distance allowing for the turnings of the roads and for 
the ascents and descents. From which he deduced 
the length of a degree= 1^2399 English yards. Ac- 
cording to the latest determinations it should have 
been =* 121660 yards. 

A t this time no circumstances were known, which 
could tend to a knowledge of the exact figure of the 
earth. 

In the year 1671 it was discovered by a comparison 
of the times of vibrations of pendulums at Cayenne 
and Paris, that the weights of bodies were less near 
the equator than at Paris* From whence Huygens 
considered it prolable that the form of the earth was 
not spherical, but that it was a figure formed by' the 
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revolution of an ellipse about the lesser axis. Sir 
Isaac Newton arguing from juster principles than those 
of Huygen?, was also led to the same conclusion, and 
actually computed the ratio of the equatoreal and 
polar diameters, on the hypothesis of the earth hay- 
ing been at first an homogeneous fluid, revolving 
on its axis. The ratio of the equatoteal to the 
polar diameter he found to be 2S0 : 229. At this 
time, 1686, no evidence from actual measurement 
existed, but Newton lived till it was ascertained by 
observation that the ratio of the polar and equato- 
real diameters of Jupiter was nearly such as his 
theory gave on the Hypothesis of an uniform density. 
He also lived till the results of actual measurements 
made in France appeared entirely inconsistent with 
the form which he had assigned. Subsequent 
measurements, made soon after Newton's death, fully 
established that the equatoreal exceeded the polar 
diameter. 

$17. Picard in 1670 measured an arc of the me^ 
ridian, commencing near Paris and extending north- 
ward, and found, in latitude 49iS a degrees^ 121627 
yards, di£Pering only by about S5 yards from what is 
now considered as the most exact length. This 
accuracy seems to have been accidental and obtained 
by a compensation of errors. 

A few years afterward, by order of the French 
King, Cassini assisted by several other astronomers, ' 
undertook the measure of the whole arc of the me- 
ridian extending through France from Dunkirk to 
CoUioure. This work ^vas finished in 1 71 8. Among 
the results obtained it was found that in latitude^ 
46^ a degree of the meridian = 121708 yards and 
in latitude 50? » 121413. 
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Thus the defrees appeared to diminish as the 
latitude increased, instead of the contrary. For it 
is evident that if the curvp.ture of the earth diminish 
as we recede from the equator toward the polea 
the degrees of latitude ought to increase, because the 
less the curvature, the greater space must be gone 
over to change the elevation of the pole by one de- 
gree. This result therefore appeared to contradict 
Kewton's conclusion that the earth was nearly an 
oblate spheroid, that is a solid, formed by the revolu- 
tion of an ellipse about its lesser axis. To sup- 
port Newton's conclusion, it was objected that 
these degrees were so near each other that the 
errors of observation and measurement might greatly 
ecsxeed the difference of degrees that would come 
QHt from computation by Newton's figure. Butthia 
mode of getting over the difficulty was not.satis&ctQry., 
It was still contended by some of the French Acade- 
micians that the polar diameter of the earth waa greater 
than the equa^^veaU 

To remove all doubt, it was proposed that two 
degrees should be measured, one, as near to the 
eqiiator, and the other as far northward^ as conve- 
Qiiently could be done. 

Accordingly in 17S6, a company of Freneh and 
Spanish astronomers went to Peru, to loeasui^ an 
arc near the equator, and a company o£ Freueh and 
Swedish astronosAers undertook to- go to La^and 
apd me^ure an arc neair the Avctic circle. 

The biteresting particulars of their labours and 
difficulties have been minutely described hf them^ 
selves^ and tJbeir exertions for attaining the utmost 
Hccuracy cannot be sufficiently admired; 

From a comparison of the measurements lo Ptia 
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mnd in Prance, the eqnatoreal diameter ♦ appeared to 
exceed the polar by about j^^ part of the whole. 

From a comparison of the measurements in Lap- 
land and in France, the excess appeared to be 

I 

Thus the principal point Wbs settled, that the earth 
was flatter toward the poles ; but the quantity of 
that flatness seemed by no means ascertained. The 
measures in Lapland and in Peru seemed (pilts 
discordant. But from several circumstances, greatei^ 
confidence was placed in the measure in Peru, thaii 
in Lapland; although the latter seemed executed 
with all due care. 

318. Arcs of the meridian have since been mea- 
sured in several countries : but till very lately, . no 
satisfactory conclusion was drawn respecting the de- 
gree of ellipticity in the earth, and even now greater 
exactness is desired. 

In the year 1787, it was determined to connect 
the observatories of Greenwich and Paris by a series 
of triangles ; and to compare the differences of lonori* 
tudes and latitudes, ascertained by astronomical ob- 
servations with those ascertained by actual measure- 
ment. The late Major General Roy conducted the 
British measurement. The British Triangles were 

* If the density of the earth were UBifioriB, and if the earth had 
been originany in a fluid state, its tohh would be accurately that of a 
apheroid generated by^ Ae revdhidoo of an ellipse about its minor ajds. 
The proportion of its* diametera would tUett be reMlily hiireatigatit 
£K>m a coinparisoB of the lengths of two degrees of latititde- (Vice's 
Astronomy, Vol. 2. page 98). As however the exact form of tfeie 
earth is not known, the inrestigation of the proportion of the diametera 
from the comparison of two d^prees of latitude is only to be coumdeted 
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connected with those of the French^ by observations 
made across the straits of Dover. In this mann^ 
assuming the latitudes of the respective observatories, 
as had been previously ascertained, it was found 
that in latitude 50^ 10' a degree of the meridian 
was 121686 yards. 

The measurement in England, which was begun 
with a reference only to the relative situations of 
the observatories of Greenwich and Paris, was ex- 
tended to a survey of the whole kingdom. This, 
General Roy having died, was conducted by Colonel 
Mudge, with great skill and assiduity. In the 
course of his survey in the year 1801, he measured 
an arc of the meridian, between Dunnose in the 
Isle of Wight and Clifton in Yorkshire. The difier* 
ence of latitude (nearly three degrees) was ascer- 
tained by an excellent zenith sector, made for the 
occasion^ 

From this measurement it resulted, tliat the length 
of a degree in latitude 52^ 2' = 121640 yards. 

319. An arc of the meridian of nearly 10^ in 
length has been measured in India, between a sta- 
tion near Cape Comorin, in lat» 8^ 9^, and a station 
in the Nizam's dominions in latitude 18<' S\ This 
has been achieved by the exertions of Major Lamb- 
ton continued during several years. He was fur- 
nished with excellent instruments, similar to those 
used by Colonel Mudge. The result of Major 
Lambton's measurement gives 120975 yards for the 
length of the degree in latitude 13^. 3^ N. 

A comparison of the degrees ascertained by Col. 
Mudge and Major Lambton, gives the excess of the 
equatoreal above the polar diameter = ^Ir 

320. At the time the English measurement was 
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going on, the French astronomers Mechain and 
Delambre engaged in measuring the arc of the 
meridian from Dunkirk to Barcelona, which places 
are nearly under the same meridian and differ in 
latitude by about 9^i. Their operations commen- 
ced in 1792, and after struggling with the greatest 
difficulties arising from the unhappy situation of 
their country, they succeeded in accomplishing the 
objects of their labours* From this measurement, 
compared with the measurement near the equator 
in 1736 &c. they deduced the excess of the equato- 
real above the polar diameter = ^j^^. 

321. In the year 1802, M. Swanberg and other 
Swedish astronomers undertook to repeat the ope^ 
rations of the French Academicians, which they 
had performed near Tornea in Lapland in 1736. 
This was an. object of considerable importance on 
account of the different results deduced from the 
comparisons made with the measurements in France 
and Peru. 

M. Swanberg has given a most able detail of this 
operation and of the computations. The result 
which he deduces from a comparison with the new 
measurement in Franpe, is an excess of the equate- 
real above the polar diameter ==== 7«7- 

A comparison of the measurement of Major Lamb- 
ton and of his own, gives the excess, the same, 

VIZ. 7^7* 

Other comparisons incline him to fix the most pro- 
bable excess at ^i^. 

The discordance of the degree measured in Lap- 
land in 1736 and 1802, led to an examination of 
the source of the difference ; and it appeared that 
the French Academicians had erred ten or eleven 
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seconds in the latitude df 6ti6 of ftieir stadons^ 
All their other measiit^tnetits were verified. Hiis 
error was sufficient to account for the difference of 
results. 

S&2. After all that has been done, mtich uncer- 
tainty remains as to the true figure of the earth : 
several measutetnents of degrees of longitude com- 
pared with the degrees of latitiidet ^ve a much 
greater difference of diameters: however the mea« 
suremeiit of a degree of longitude caiiiiot be so ac- 
curate as that of a degree of latitude, oh account of 
the difficulty of ascertaining the ditferehce of longi- 
tudes of the extremities. 

323. The operation of iheasurihg a degree of la- 
titude * consists iii ascertaihihg the length of the 
arc of the meridian, and in ascertaining the differ- 
ence of latitudes of the extremities. The latter 
part is not susceptible of hear so great accuracy 
as the former. A second in latitude answers to 
about 33 yards and the difierence of latitude cannot 
E>e probably ascertained hearer thah two seconds, 
supposing no cause of irregularity to affect the 
plumb line. But there is sufficient pi^oof that the 
plumb line is sometihies displaced several seconds 
by the attraction 6f mountains or of different strata. 
Col. Mudge and the French astronomers experienced 
this, in a considerable degree. 

The terrestrial measurements are susceptible of 
great accuracy. It is usual to measure a base of 
verification, as far distant from the first base as can 
conveniently be done, and then compare this base with 
lis length deduced by computation, from tlie first 
Base and the angles measured : this was don;^ by tlie 
t*rench astronomers in their late survey. The length 
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of the base of verification measured was upward of 7 
milesy and at the distance of above 400 miles from the 
former base, and yet it did not difier by 12 inches 
from the length inferred by computations. 

324. The instn^ments used in the English mea« 
surement, and in that by Major Lambton, were a 
steel chain, an instrument for taking horizontal an- 
gles, the circles of which were S feet in diameter, and 
a zenith sector. ' Mr. Ramsden exerted his great ta- 
lents in making the construction of these instruments 
as perfect as possible. 

The first base in the English measurement was 
above five miles in length, and was measured in 1787 
by glass rods: it was again measured in 1791 by the 
steel cliain, and the two measurements differed only 
by about S inches. 

The instrument for taking the angles, sometimes 
called Rarasden's Theodolite, besides the accuracy it 
afforded, gave at once the horizontal angles, in which 
It had a great superiority over the instruments by 
which the angular distances between the stations were 
taken, and which afterwards required to be reduced 
by computation to the horizontal angles 

325. In the recent measurements in France and 
Lapland, a repeating circle, of which the radius was 
only a few inches, was used for taking the angles and 
making the observations for the difference of latitudes 
of the extremities of the arcs. However inadequate 
at first sight such an instrument may appear to obtain 
conclusions in which extreme accuracy is required, it 
must be allowed that it fully answered the purposes 
for which it was intended. The length of the com- 
putation was much increased, as the angles observed 
were to be reduced to the horizon, and other reduc- 
tions made: but these inconveniencies seem much 
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more than compensated by the portableness of tb^ 
instrament* 

The French base was measured by rods of platina : 
the Swedish by rods of iron : the requisite allowance 
was made for the changes of temperature daring the 
operations. 

S26. The result of the measurement in France has 
been used to asci&riain a standard of measure. The 
length of aquadratlt of th^ meridian was computed 
4nd found to be SliOliiil tois^ or 10986573 Eng- 
lish jards. This was divided into ten million parts, 
and one part» which was called a meiref was made 
the unit of tneafure. All otfier French measures 
are deduced decimally fVom this. The French me- 
tre then is 1,0936578 yards or iS9,37 inches nearly. 

Computing from the length of the degree in lati- 
tude 45^ the mean diameter of the earth comes out 
79 IS English miles nearly, and, adopting the frac- 
tion j4^, the equiitoreal diameter will exceed the po- 
lar by about 25 miles.* 

* A relation of the measurement in Lapland in 1736, was published 
by Maupertuis and also by the Abb£ Outbier» which is more minute 
than that of Maupertuis; (vid. Conn, des Temps, 1S08). S^iarate ac- 
counts of the measurements in Peru, were published by Ulloa, Bouguer 
and Condamine. 

A yery particular account of the measurement in France was pub- 
lished *by Cassini In 1 744. 

The psHictdars of the recent measiTrcment in FVance have been pub- 
lished by Delambre, and dfthat in Lapland by Swanberg, (vide Conn, 
des Temps. 1808.) 

An account of the measurement by General Roy» will be found in 
the Phil. Trans, for 1787 and 1790. Of that by Col. Mudge in the 
Phil. Trans, for 1803. 

The latest account of Major Lambton's measurement is given in I9i6 
Phil. Trans, 1818, p. 2., 

An interesting account of the different measurements is aho ^ven 
under the artida " Degree*' in Rees'sCydopadia. 
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CHAP. XVIIL 



On the Calendar. 



327. AMONG the di£Perent divisions of time, 
the civil year is one of the most important. The 
solar year^ or the interval elapsed between two suc- 
cessive returns of the sun to the same equinox, in- 
cludes all the varieties of seasons. 

The civil year must necessarily consist of an exact 
number of days. But the solar year consists of a 
certain number of days and of a part of a day, (art. 
214*). Hence au artifice is necessary to keep the 
commencement of the different seasons, as nearly as 
possible, in the same place of the civil year: that is, 
if the sun enter the equator on the 20th of March 
in one yeat, that it may always enter it on the same 
day^ or nearly on the same day, and that the solstices 
may be always as nearly as possible on the same day. 

The common civil year consists of 365 days. The 
solar year of 365 days, 5 hours, 48 minutes and 50 
seconds, or 365 days, 6 hours nearly. 

It is evident that if each civil year were to consist of 

only S65 days, the seasons would be later and later 

every year, and in process of time change through 

every part of the year. 

926. In the infancy of astronomy, it was not to be 

a 2 
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expected that the exact length of the solar year could 
be obtained with much accuracy, and we find the 
Egyptians and other nations availing themselves of 
another method, by which they regulated the times 
of their agricultural labours. They observed when 
Sirius or Arcturus, or some other bright star, after 
it had been obscured by the splendor of the solar rays, 
first became visible in the east, before sun -rise. This 
is called the heliacal rising of a star. From this time 
they reckoned a certain number of days to thfe com- 
mencement of the respective seasons of ploughing, of 
sowing, and of other labours in husbandry. 

In this manner they dispensed with an exact know- 
ledge of the length of the year. They were ignorant 
of the precession of the equinoxes, which in a few cen- 
turies wQuld have occasioned their rules to fail, or ra- 
ther to change. 

329. The first useful and tolerably exact regulation 
of the civil year, by help of the solar, took place in 
the time of Julius Caesar. It was then provided that 
every fourth civil }ear should consist of 366 days, and 
the addition of the day should be made, <^ die sexto 
calendar martias," whence the term bissextile applied 
to the year that consists of 366 days : we usually call 
it leap year, and the additional day is called the 29th 
of February. 

The Calendar so ordered wds called the Julian Ca- 
lendar. 

330. By the council of Nice, held in the year 325^ 
it was fixed that the feast of Easter, by which the 
moveable fasts and festivals of the church are regu- 
lated, should be the first Sunday after the first fiill 
moon, which happened on or after the 21st of March. 
At that time the equinox happened on the 21st of 
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March. Thus the festival of Easter was intended to 
be regulated by the spring equinox; 

At that time it must have been known that the ex- 
cess of the solar year above 365 days was not quite 
six hours, and that therefore, in using the Julian Ca- 
lendar, the equinox would happen sooner every year. 
There however seems to have been no provisidn made 
on that account. 

The true length of the solar year being less than 
365 days, 6 hours, by 11 minutes nearly, the equinox 
every fourth year was nearly 44- minutes earlier, and 
in course of time the 21st of March, instead of being 
the day of the equinox, might have been the day of 
the summer solstice. Thus the fast of Lent and festi- 
val of Easter might have been observed in the middle 
of summer. 

This inconvenience was foreseen before any ma- 
terial alteration had taken place. In the time of 
Pope Gregory, in- 1577> the equinox happened on 
the 11th of March, or 10 days before the 2lst. It 
was then determined to remedy the error that had 
already taken place, and to provide against a future 
accumulation. 

It must be generally allowed that it was right to 
guard against an increase of the error, but it may 
be doubted whether a greater inconvenience did not 
take place to the people in general by correcting the 
error of the ten days, than if it had remained. 

331. The 5th of October 1582 was called the 
15th, and thus the equinox was restored to the 21st of 
March. 

A recurrence of error was prevented in thp fol- 
lowing manner. The true length of the solar year, 
as far as it was then known from the best tables 
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founded on the obsenrations of Copernicus, Ptolemy 
and Hiftparchusy was 865 days 5 hours 49' 16'^. By 
adding a day every fourth year, in 4 years the addi- 
tion was 4 X (10'. 44'') too much, or the accumu- 
lation of error in 400 years = 400 X (lO' 44'^ = 
f days, 23 hours, 33' nearly. Hedce if, instead of 
making every fourth year leap year, every hundredth 
year for three centuries successively be made a com- 
mon year, and the fourth hundred year be a le^ 
year, the error in 400 years will be only about 27 mi- 
nutes, and therefore the -error in 20000. years would 
not be more than a day. 

Hence the correction adopted by Pope Gregory, 
that the years 1 700, 1800, 1900,2100, 2200, 2300, 
2500, &c. which by the Julian Calendar, are leap 
years, should be common years, and that the years 
2000, 2400, &c. should remain leap years, is quite 
sufficient. The more correct length of the solar year, 
as now determined, renders the Gregorian correction 
less exact, but not materially so. 

332. The Gregorian, or the new style, was not 
adopted in Protestant countries, tiH a considerable 
time had elapsed. When it was adopted in Eng- 
land in the year 1752, the error amounted to 11 days* 
This was remedied by calling the 2d of September, 
1752, the 13th. 

The effect of thus putting as it were the seasons 
backward by eleven days must at that time have been 
disagreeable. That our mode of reckoning time was 
made the same, as that of other nations, was doubt- 
less a convenience. But it might have been more 
conformable to our climate and the original notions 
of the festival of Easter, which regulates the other 
moveable fasts and festivals of the church, if the er- 
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TQV that had already accumulated from the Julian 
Calendar had remained, and the Gregorian correction 
against future error had been only adopted. 

The early clin^ate of Italy might have principal- 
ly induced Pope Gregory to bring back Easter to 
the regulations of the equinox ; and it may have 
been a powerful motive in Russia for not adopting 
the Gregorian alteration in the style, that by retain- 
ing and suffering the errors of the Julian Calendar 
to accumulate further, the fast of Lent and festival of 
Easter will fall at times more convenient in respect 
to their season s« 

The year 1800 having been by the Julian Calen- 
dar a leap year, and by the Gregorian a common 
year, the Russian date is now 12 days behind that of 
the other countries of Europe. 

333. The time of the festival of Easter depends 
on the first full moon on or ailer the 21st of March, 
and therefore, strictly, recourse should be had to as- 
tronomical calculation to ascertain the time of Easter 
for each year. But it is sufficient for this purpose 
to use the Metonic Cycle, (art. 137.) the numbers of 
which are called Golden numbers. 

Short rules and brief tables are given in the Act 
of Parliament for changing the style, and are usually 
prefixed to the Book of Common Prayer, by which 
the times of Easter may be found for any number 
of years to come. The computation so made, must 
sometimes differ from what a more exact calculation 
would give, and the time of Easter, if exactly com- 
puted, may vary considerably from the computations 
founded on the Metonic Cycle.^ However, as the 
latter mode of calculation is prescribed by the Act 
of Parliament, no inconvenience* from uncertainty 
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as to the time in which the festival of Easter is to be 
observed) can arise* 

By exact computation the 1st of April, 1798^ 
should have been Easter Sunday, whereas by the 
Calendar prescribed it was not celebrated till the 
Sunday after. Also the 29th of March, 1818, 
should have been Easter Sunday, instead of the 22d 
of March, as found by the prescribed mode of cal- 
culation. 
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CHAP. XIX. 



On the disc&oeries in Physical Astronomy, 



334. THE astronomical knowledge, that existed 
before the time of Sir Isaac Newton, was derived 
from long and tedious observations, which had been 
continued though many ages. The various disco- 
veries)^ such as the elliptical motions of the planets, 
the law of the periodic times, the precession of 
the equinoxes, the direct motion of the apogee 
of the moon's orbit, the retrograde motion of its 
nodes, the variation and ^vection of the moon, 
were apparently so many unconnected circum- 
stances. 

It was Newton who first, from a few general laws 
of matter and motion, by help of mathematical 
principles, shewed the origin and connection of these 
different Phsenomena, and that they were simple 
results of the general properties which the Creator 
has ordained should belong to matter and moti- 
on. Before his time, Physical Astronomy. did not 
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exist. The attempts of Kepler, Des Cartes and 
otherst to explain several astronomical pheenomena 
from physical principles, now scarcely deserve notice. 
8S5. It would be incompatible with the plan of 
this work to enter into any detail of the mathematical 
principles of physical astronomy. But the discoveries 
in physical, are so connected with plane astronomy* 
and so important, that it was not possible to avoid the 
mention of many of them, when occasion offered ; 
and it may not be deemed improper to conclude with 
a short account of the general advab^ages, the science 
of astronomy has received from the application of 
physical principles. 

Sir Isaac Newton has shewn that all the bodies 
of the solar system mutually attract each other* 
That the gravitation or the force of attraction exerted 
by, or toward any body, is in proportion to the mass 
of the attracting body. That this /orce, is greater or 
less according as the distance from the attracting 
body is less or greater, and that in proportion to the 
square of the distance. 

i 536" Of the immediate cause of gravitation, 
he confesses himself ignorant. ^'He says, that gravity 
must be caused by an agent acting constandy ac« 
cording to certain laws : but whether this .agent be 
material or immaterial, he did not attempt to deeide« 
He reflected much on this sut^gect, but it does not 
appear that he ever cao^e to any condusion which 
satisfied himself. At ihis day we are not advanced 
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one step farther toward the knowledge of the 
proximate cause of gravity, than Newton himself had 
advanced. 

The knowledge of the proximate cause, however, 
is not necessary to ascertain the existence and laws 
of the action of gravity. The latter are collected from 
a variety of facts. 

From the laws of the action of gravity combined 
with laws of matter and motion, deduced from ob- 
servations on terrestrial matter, Newton explained 
the motions observed in the solar system. 

The sun situate in the midst of the planets attracts 
them all toward itself, while they also attract the sun, 
but from the greater mass of the sun, the effect o^ 
the planets in moving the sun is very small, com- 
pared with the attraction of the sun on the planets. 

Had no other impulse been given to each of the 
planets, they and the sun would have come togedier 
in consequence of their mutual attraction. But a 
proper impulse was given to each planet in a direc- 
tion either perpendicular, or nearly perpendicular to 
a line joining the sun and planet. In consequence of 
this impulse, and of the attraction of the sun, ^ch 
planet continues to revolve round the sun in an ellip- 
tical orbit not differing much from a circle, that is, 
not very eccentric. These impulses must have been 
given at the creation. These impulses required, to 
use the words of Newton,* ** the Divine Arm to im- 
*^ press them according to the tangents to their 
« ©rbits.'* 

« 5d Letter to Dr. Bentlty. 
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The simple laws of matter and motion, which the 
Almighty has been pleased to ordain, are sufficient 
to preserve the motions of the system for a length of 
time, to which our bounded intelligence cannot put a 
limit. 

337. The preparatory steps of Newton consist, 
principally, in shewing, that a body projected, and 
attracted to a fixed centre, describes equal areas in 
equal times, about that centre, and in investigating 
the laws of the variation of the force by which a body 
attracted toward a given point, may be made to move 
in a given curve. 

He particularly shews by an interesting applica- 
tion of mathematical principles, that a body moving 
in an ellipse and describing equal areas in equal 
times, about one of the foci, must be attracted tow- 
ard that focus, by a force varying inversely as the 
square of its distance from the focus : that the 
squares of the periodic times of bodies, moving iu 
different ellipses about a common centre of force 
in the common focus, are as the cubes of the greater 
axes. 

He also, conversely, proves that a body attracted 
to a fixed centre, by a force varying inversely as the 
square of the distance, and projected in a direction, 
not passing through the centre, with a velocity, not 
exceeding a certain limit, will describe an ellipse 
about the fixed centre. The increase, or decrease 
of velocity, generated by the attractive force, is so 
exactly combined with the velocity of projection 
that the efficacy of the attractive force in drawmg 
it from the tangent of the curve, in which tangent 
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it .would continue, were the attractive force to cease, 
is such as always to retain it in the circumference of 
the ellipse* 

After considering a variety of cases about a fixed 
centre, he considers two or more bodies, mutually at- 
tracting each other. 

He also demonstrates that if a globe consist of 
particles each of which attracts with a force vary- 
ing inversely as the square of the distance, that the 
united forces of all the particles compose a force 
tending to the centre of the globe and varying in- 
versely as the square of the distance from the centre' 
of the globe. 

338. The application of his investigations to 
the system of the world, may be briefly stated as 
follows. 

The effort by which all bodies within our reach, 
tend toward the surface of the earth, we call gravity. 
If left to themselves, bodies fall toward it in a right 
line, but if projected, they tend toward it in a curvi- 
linear course. 

By gravity also a pendulum, when removed from 
avertical position, tends to it again, and so vibrates. 

Experiments on the motions of falling bodies and 
the vibrations of pendulums, after proper allow- 
ances made for the resistance of the air, shew that 
this force of gravity, measured by the velocity pro- 
duced in a given time, is nearly the same in the 
same place, at any distance from the surface to which 
our experiments can reach. 

But along with the knowledge of this fact,, we 
also arrive at another, of great importance, viz. 
that however dissimilar bodies are in their visible 
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jNt^rtieSy yet they are all equally affected by gravityi 
that each particle of a body is acted upon by the 
same force, that the component parts' of air and gold, 
are equally impelled toward the earth. This know- 
ledge is derived from observing that all bodies, at the 
same place, describe, in falling toward the earth, 
equal spaces in equal times, abstracting from the re- 
sistance of the air. 

To these laws of gravity, we are enabled also by 
experiment to add a third ; that the gravitation to- 
ward the earth is the united effect of gravitation to- 
ward its separate parts, or that each particle of matter 
attracts ; from whence it follows, that the attraction 
of gravitation between terrestrial matter is rautuaK^ 
Several strong arguments induced Newton to adopt 
this, as an Hypothesis, but it seems not to have 
been fully verified, till long after his death. No 
Facts, proving it, were known to him. 

Although we are ignorant of the cause of gravita- 
tioD» yet we can enquire whether it be a principle 
which has no other connection with the earth, than 

* If the Earai had been originally a fluid of mufonn deasHy, it 
would have foHowed ftam the mutual attraction of its parts, and fixHU 
its rotation on its axis, that the increase of the length of a pendulum 
vibrating seconds would have been nearly as the square of the sine of 
latitude. Also if the £arth had been originally a fluid of unequal 
denntyf the denser parts woiild have so arranged themselves tswards 
ihe centre, that the law of increase of the lei^tii of the pendulum 
woidd still be as the square of the sine of latitude. Now we know 
that the interior of the Earth is denser than the surface, and a great 
niunber of experiments have shewn, that in both hemispheres the in- 
crease of the length of the pendulum is as the square of the sine of la- 
titude. From hence it has been inferred that llie Earth was odginclly 
in « fluid state. ^ 

Tlie above is one of the results of analysis and experiment that, ac- 
cording to Laplace, ought to be ranked among the few certainties thai 
Geology furnishes. 
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that of impelling bodies toward its cetitre, or whether 
it be a principle attached to each particle of matter, 
and 80 whether the force by which bodies are im- 
pelled towards the centre of the earth, arise from the 
joint attractions of the particles of which the earth is 
composed. Newton, as was said, adopted the hy- 
pothesis of this latter mode of the action of gravity $ 
but it was not necessary for his theory, that gravity 
should arise from the gravitation toward the particles 
of eiach body, 

S39. The e(!ect of the attractions of the tnountains 
ill Peruj on the plumb line observed when the mea- 
surement of an arc of the meridian was carrying on, 
was the first direct proof. Some circumstances, 
however, made the result of the experiments dubious. 
But it was fully verified by the experiments of Dr. 
Maskelyne on the attraction of Mount Schehalllen 
in Scotland. (Phil. Trans. 1775). It has since been 
confirmed by Mr. Cavendish's experiments on the 
elBfects of the attraction of balls of lead, (Phil. Trans« 
1798.)* 

The experiment of Dr. Maskdyne was made by 
observing the effect of the attraction of the mountaia 
in drawing the plumb line of a zenith sector from 
a vertical position toward itself. The observations 

* Laplace falus shewn that the effect of the attnction of the JBXcett of 
matter at the equator, causes two equMioBS in the mooix's motion, one 
in latitude and the other in longitude. The quantities of these equations^ 
having both been well ascertained by an examination of a very great 
number of obsenrations, have served to deduce the excess of the equa- 
toreal above the polar diameter. £ach equation gives the same excess 
very nearly, vis. stj, Laplace alao has shewn tfaaft tiie excess of mat- 
ter at tlie Equator cff Ji^ttfr oocuktm c^taia eqmtioni in ^he fiiotiaw 
oftheSafttltices. 
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being made with the utmost care and accuracy, 
as might be expected from the long experience of Dr. 
Maskelyne, the result was, that the difference of la- 
titude from measurement was less by ll", than by 
observation of the difference of the zenith distances 
of the same star. Thus the attraction of the moun- 
tain, occasioned the plumb line to deviate about Si** 
from a vertical situation. 

340. Before the time of Newton, it appears that se- 
veral eminent men had notions respecting a mutual 
attraction in the system. Kepler in his Work " De 
Stella Marte,'* speaks of the mutual gravitation of 
the earth and moon. He says that if they were not 
retained at their proper distances, the earth and 
moon would come together, the moon moving over 
5S parts of the distance, and the earth over one part 
He also seems aware, that not only the tides are 
caused by the attraction of the moon, but also that 
the irregularities of the moon are caused by the 
united actions of the sun and earth. But it does not 
appear that either he, or any other person before 
Newton, had an idea that the force of gravity to- 
ward the earth, combined with the projectile velocity, 
retained the moon in her orbit, or any notion of 
the variation of gravity, at different distances from 
the earth.* 

Kepler, although an excellent mathematician, 
seems not to have been able to apply that science to 
his ideas of gravitation, and Galileo had the merit 
of first applying the principles of mathematics to 

* It may be considered as a curious circumstance that Galileo com* 
pules how long a body would take to fall fix>m the moon to the earth. 
He supposes the force of gravity to continue the same throughout the 
whole distance. 
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investigate the effects of gravity at the earth's surface, 
tie first shewed that a projectile acted upon by tliQ 
uhiibrni force of gravity, in parallel linesi describes a 
parabola. 

We find no mathematician between him and New- 
ton pushing the enquiry farther and investigating 
the curve in case of a projectile taking such a rai^ge, 
that fi^ravity could no lons^er be considered to act in 
parallel lines. Abpiit the time however that Newtoiji 
appTied himself to these enquiriesi ive see several ma-,. 
tHematiciahs considering the laws of action by whicli : 
bodies may revolve with uniform velocities in different 
Circles abatit the same centre. 

We ard told that an accidental circumstance first^, 
leii l^ewton to consider tfie effects of the gravity jof 
the earth . at a distance irom the surface, and to en- 
quire wlhettier that gravity did not extend to. and re- 
tain the mooii in her orbit : the moon bv the conti- 
nual action of this force being drawn from a rectiliT 
n€^l course, an^ made to revolve about the earth in 
a nearly cfrcuTar orbit. 

To examine this point, he was enabled, from 
knowing the moon s distance from the earth ^nq it^ 
periodic time, to compute now much it deviated^ or 
was drawn from its rectilineal course in .one minuteu 
which"' he found to be nearly 16 feet. He thus found 
that a force tending: to the earth existed at the dis- 
tahce of sixty semidiameters, which compelled^ the 
moon toward the earth, 16 feet in one minute. 
The next enquiry was whether this force were con- 
stant or variable at different distances from the earth» 
or rather what was the law of its variation. He saw 
that if it increased as the square of the distance de- 
creased^' at the earth's surface, it would impel a body 

T 
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S600 X 16 feet iii one minute, or 16 feet in one se- 
concL This is the space a body £dls by gravity in 
•ne second. Hence he concluded that the force of 
gravity, diminished in the duplicate proportion of the 
semi-diameter of the earth, to the moon's distance, 
was the force acting at the moon and retaining it in 
its orbit. 

841. We deduce somewhat more easily the law of 
gravitation towards each of the planets, which have 
satellites. It is found that the satellites of Jupiter 
move round Jupiter in orbits nearly circular, and that 
the squares of the periodic times are as the cubes of 
their distances from the primary. Whence it may be 
easily shewn, that they are constantly impelled to- 
ward or attracted by Jupiter, by a force increasing as 
the square of the disjtance from Jupiter decreases. 
The same may be said of Saturn and the Georgium 
Sidus. Here then are the earth, Jupiter, Saturn and 
the Georgium Sidus, each attended with an attractive 
influence, acting by the same laws, and therefore by 
analogy we may justly conclude that the remaining 
planets attract by the same laws. 

342. Newton's investigations of the motions of bo* 
dies about the same centre of force, combined with 
Kepler's discoveries, prove that each of the planets 
are attracted toward the sun, by a force varying in« 
versely as the square of the distance from the sun. 

For Kepler shewed that each planet moved in an 
ellipse, and described equal areas in equal times about 
the sun in the focus, and that their periodic times were 
as the cubes of the greater axes of their orbits. New- 
ton demonstrates, that when this takes place the law 
of attraction is as above stated. 

343. Thus then by the moon we ascertain that the 
earth exerts an attractive influence ; by the satellites 
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« 

of Jupiter, Saturn and the Georgium Sidus, that 
these planets exert a similar influence; and by the 
forms of the planetary orbits and laws of motion in 
those orbits, that the sun also possesses an attractive 
force. We find the law of action is the same in all 
the attracting bodies. But if we examine farther we 
find the forces exerted very difierent at the same dis- 
tance from each body. If we compute the force ex- 
erted by the earth, at the distance of the sun, by di- 
minishing the force of Gravity at the earth's surface 
in the duplicate proportion of the semidiameter of 
the earth to the sun's distance, we shall find it small 
indeed, compared with the force the sun exerts on 
the earth.* 

344<. As the- planets are attracted toward the sun 
and attract their satellites, we may conclude that they 
attract one another and the sun. Also, as we find the 
attraction of the earth, made up of the attractions of 
its parts, so we may conclude the attractions of the 
sun and planets composed of the attractions of their, 
parts, and that the law in the system is, that every 
body attracts with a force at a given distance in pro- 
portion to its mass, and that the force diminishes as 
the square of the distance of the attracted body is in- 
creased. 

* The masses and densities of those planets, which hare Satellites, 
have been ascertained by their attractive actions on the Satellites. The 
density of water being called unity, then nearly, 
the density of the Sun ss 1,3 

of the earth = 5,0 

of Jupiter = 1,0^ 

of Saturn = 0.6 

of Georg. iSdus =1,5 
the density of Venus is supposed to be somewhat greater thap the deo- 
sity of the earth from the effects ci that planet in diminishing the ob- 
liquity of the ecliptic, and by changing the plane of the earth's orbit. 

T 2 
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S45. At soon as Newton had published his disco* 
veries, there could be no rational doubt of thih being 
the law which exists throughout the soiar system ; and 
every step, that has since been made in Physical 
Astronomy, has furnished additional proofs. 

It is probable that Newton derived no assistance 
in the discovery of the law of gravity: yet he does 
not seem unwilling that others should have a share 
in the merit He ingenuously tells us that AV ren, 
Hodc and Halley had separately discovered from 
Kepler's law of the periodic times, the law of attrac- 
tion towards the sun, if the planets moved in circular 
orbits. But the great fame of Newton rests not upon 
this foundation, that he merely discovered the law 
of gravity. He proceeded by synthesis to examine 
the phenomena that would offer themselves in a sys- 
tem so regulated. His transcendent mathematical 
p6wers enabled him to point out the origin of all 
the more splendid discoveries of former ages. He 
shewed that the planetary orbits must be elliptical, 
that the liinar irregularities, the precession of the 
equinoxes, and the phenomena of the tides must take 
place from the principle and law of universal attrac- 
tion, thereby evincing, in the strongest manner, that 
he had arrived at the knowledge of those laws, which 
the Creator had willed for upholding the system of the 
world. 

346. Newton had extended the boundaries of ma- 
thematical knowledge, as much as he bsid those of 
physical. He preferred exhibiting his investigations 
and conclusions in a geometrici rather than in an ana- 
lytic form, as better suited to the general outlines of 
physical astronomy, and also as better adapted to call 
the attention of the world to his great discoveries. 



-••v. . . • 
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To extend the limits of physical astronomy, and to 
explain discoveries that have been made by comparing 
m(Ddern and ancient observations, it has been found 
necessary to adopt entirely the analytic method* 

A considerable time elapsed from the publication 
of* Newton's Principia in 1687, before any attempt 
was made to extend the investigations of Newton. In 
1740 Maclaurin^ Euler and Bernouilli shared a prize 
given by the Royal Academy of Sciences at Paris, 
for their dissertations on the tides, in which they 
made considerable advances in the path pointed out 
by Newton. 

Soon after, Euler, D'Alembert and Clairaut, en- 
gaged in the famous problem of the three bodies, as 
it has been called. That is, to investigate the mo- 
tions of three bodies, acting upon each other accord- 
ing to the laws of gravity. The problem in its ge« 
neral extent is far beyond the powers of analytics in 
their present state : but in the case of the sqn, earth 
and, moon, we can approximate to the solution with 
sufficient exactness. For, the sun disturbs the motions 
of the moon, as seen from the earth, only by the differ- 
ence of its attractions on the moon and earth, whichdif- 
ferenqe is always very small, compared with the force 
by which the moon is attracted towards the earth. 

The importance of an exact knowledge of the lunar 
motions in finding the longitude at sea, seems princi- 
pally to have incited the exertions of these; mathema- . 
ticians. A difficulty soon occurred which made them 
at first doubt of the exactness of the Newtoniaa law . 
of gravity. They could not reconcile' the mean mo- 
tion of the lunar apogee as determined by calculation 
with that deduced from observation.* They saw the 

* Newton himself seems to have long been sensible of ibis difficulty 



27S ELEMENTS OF ASTRONOMY. 

latter was double of the former. At last Clairauty 

by extending his approximations f overcame this dif- 
ficulty, and added a new proof of the law of gravity. 

347. There were two phaenomena however, to 
which Flamstead and Halley first called the attention 
of astronomers, which for many years baffled all at- 
tempts to account for them, from the received laws of 
gravity. These were the acceleration of the moon's 
motion (art. 250) and the acceleration of Jupiter** 
and retardation of Saturn's motions (an. 213.) 

Dr. Halley's computations on the ancient observa- 
tions had been verified by other astronomers, and no 
doubt remained of the facts. The acceleration of 
the moon's motion had also been verified by com- 
putations made on three eclipses observed by Ibu 
Junis near Cairo towards the end of the lOth Cen<« 
tury. 

and to have exerted himself in the computation without success. Id 
Uie first edition of the Principia he mentions computations by which he 
had ascertained the agreement nearly of his Theory with Flamstead*? 
Tables accommodated to the Hypothesis of Horrox. But he say» 
** Computationes autem ut nimis perplexas & approximationibus im* 
peditas, neque satis accuratas, apponere non lubet.** In the subse- 
quent editions of the Principia he does not attempt to reconcile the 
observed motion of the apogee with his Theory. It would be very in- 
teresting to know the particulars of hk cmnputation. 

•f- Not considering the eccentricity and inclination of the lunar orblt^ 
the mean motion of the limar apogee, that of the moon being unity, ia 

expressed by a series of terms of the form — m * + to ^ + &c. 

periodic time of the moon 1 , ^. . 

where m zz •=- — r-rr-': tt = : — nearly. Clairaiit's 

periodic time of the sun. 13 

3 
first approximation extended only to the term — m'. VideTrans» 

4 

Royal Iri&h Academyi toI. 13. 
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S48. Euler, who, as a mathematician, ranks so 
high, directed his attention to the motions of Jupiter 
and Saturn. So early as the year 1748 he published an 
investigation of them, but failed to explain the diffi- 
culty. Other mathematicians engaged in the enquiry. 
For a long time the object of their pursuit eluded 
them, but their exertions tended much towards per- 
fecting physical astronomy. 

Euler investigated many of the disturbances which 
take place by the mutual action of the sun and planets. 
Me first shewed that the diminution of the inclina- 
tion of the ecliptic to the equator, which ancient ob- 
servations appeared to shew, was occasioned by the 
action of the planets by which the plane of the earth's 
orbit is gradually changed. 

Lagrange, who has become so distinguished by his 
many splendid improvements in mathematics and ma- 
thematical philosophy, about 1765 published * his 
investigations respecting the motions of Jupiter and 
Saturn. » 

The celebrated Laplace in 1773 shewed that the 
mean motions and mean distances of the planets were 
not subject to any variation arising from their mutual 
actions on each other, or at least were so nearly con^ 
stant that nothing could appear to the contrary from 
the most ancient observations. . Hence the explana- 
tion of the acceleration of Jupiter and retardation of 
Saturn, that Lagrange and others had given, could 
not be the true one. 

Soon after Lagrange himself proved strictlyt what 
Laplace had proved only by approximation, that nei- 
ther the mean motions, nor mean distances of the 

• Turin Mcmoin^ Vol. 3. 
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planets were subject to any perceptible alteration fypm 
iheit mutual attraction. 

It was not till 1786 that Laplace discovered the 
true explanation of the difficulties as to Jupiter and 
Saturn after it had been souirht for in %'ain. above 30 
years, by the continued exertions of the first niathe- 
maticians. 

His investigations furnished another confirmation 
of the mutual attraction of the system. He shewed 
that the quantity of acceleration in the motion of 
Jupiter ana retardation in that of Saturn dedpced^ 
from computation, agreed with observation.^; 

* It is not easy to make his disooverj intelligible to those no^ con- 
Tenant in the computations of physical as&rouomy. Th? tqu(Uion$ 
arising from the mutual attraction of the bodies of the system, are 
dMded into secular and periodical. In fact it is now knbwii, diat all 
equatioDS are periodidal, bnt the term, * secular,* distinguishes those 
that do not depend on the positions (h the bodies as to each other. As 
tiiese equations appertain to a long period, tliey are called seculiM^ 
Periodical equations, are those that depend on the position of the 
bodies to each other. 

' Thus the variation of the moon (art. 231.) depends on the angular 

distance of the moon fhnn the sun, being proportional to' the sine of* 

twice the angular distance of the moon from the sun, and is called a 

periodical equation. The acceleration of the mooh*s motion not 

depending on the positions of the sun, moon, and earthy is called a 

secular equation. 

'Lagrange had at first conceived, that the acceleration of Jupiter was 

- 'J ' 

from a sectilar equation, but Laplace, and then he himself shewed 

that no such equation could exist in the planetary motions. There- 
fore Laplace was led to look for a periodical equation, and he observed 
that as twice the mean motion of Jupiter was very nearly equal to 
fiv^ times that of Saturn, no equation of a very long period would 
result from th^nc^, which' might be sensible. To investigate this, it 
was necessary to extend the approximations to a greater ledgth than 
had hitherto been done. It might, and, it is likely it did occur to others 
before this time, that this was a probable, source of the phaenomeaa, 
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349* The difficulty of the aeceUr^tuw. of the 
moon's motion yet remained, and it had fully as much 
occupied the attention of those who endeavoured to 
improve Physical astronomy, as that ju^t mentioned. 

l^he Royal Academy of Sciences ^ Paris bad pro* 
po9^ it several tiiiie^ as tlie subject of their prize. 
It had eluded, the researches, of Lagrange, yet his inr 
vesjjgi^tion^ oa the siubject gain^ the priz^ ia L77&. 
Bossut had endeavoured to explain it by the resist^' 
ap0e of an. ether, or subtile fluid pervading the whole 
systein* Laplace endeavoured to explain it by sup-- 
I>Q^ing that the transipissioi^ of gravity, like that of: 
light, was not instantaneous, and on this Hypothesis 
he made sp9)e im{x>rtant investigation^* At length .in^ 
1737 Laplace hirnaelf discovered the true cause ;. that 
it y^BS a simple result of th^ laws of gravity. The ac* 
tio)Q^ of the planets, besides, changii;^ the {dane of ;th& 
earth's orbit, change also its eccentricity.. The ec- 
centricity, now is 4iniinijshing, and will continue^ for 
m^ny,ages to come, to do so. It will. afterwards > 
inqreai^e, and thus. be. subject to periodical- 
cl^anges.. These changes- will afiect^ through thei 
action of ; th^ sun, the angular velocity of the moon ; 
about the. earth,, and hence at the present' time an 
aij^i^eleration. takes places Nothing: can be more- 
sQj(isfaqtpry than the results of Laplace on this sub*, 
ject*. I][^, hi^s shewed that the meant tincttions of the 
apogee and of the node are afibcted by the 
same cause, and, it. appeaira that the quantities 
assigned by . . cgmput^on agree with, the results 

but till the existence of a secular equation had been disproved, the 
fonnidable calcujadons migh|i.«haTe. deterredr Equations depending 
on the differencs betw^n i|Te..tinMS the motion, of any. planet and 
twice Ui^jpfaa9(|l]i^^ im^H^.^^xi^W.bu^.^r^r inaiWMWg in thft.otfaeci 
planeta. 
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arising from a comparison of antient and modern ob* 
servations. 

The true cause of the acceleration or secular 
equation of the moon's mean motion being discover- 
ed, Lapkce's former investigations, on the hypothe- 
sis that the transmission of gravity was not instan- 
taneous, have served to prove that the transmission of 
gravity, if not instantaneous, is immeasurably quicker, 
than that of light. 

S50. The results of all the improvements in phy- 
sical astronomy, since Newton first called the at- 
tention of mankind to it, have been given to the 
world by Laplace in his great work, entitled ** Me- 
** canique Celeste." This and the Principia of NeW^ 
ton will probably be considered by late posterity as 
the two noblest monuments of human science. The 
Principia of Newton, was the work of one mind, 
which could derive no assistance from those who 
had gone before. The energies of the most dis- 
tinguished abilities had been for many years employ- 
ed in collecting materials for the fabric that Laplace ' 
has erected. Newton and Lagrange have assisted in 
an eminent degree. Maclaurin, Euler, T. Simpson, 
Clairauty D'Alembert and others greatly contributed. 
Laplace himself, beside the merit of planning, and of 
selecting, and arranging the materials, has the honor 
of having executed many of the most difficult and 
highly finished parts of this great Work. 

35 L No motion is now known to exist in the sys- 
tem, but what we can shew to be conformable to 
the laws of univeral gravitation.* The mean 

4 

* It must not however be supposed that the analytical science, aa 
applied to physical astronomy is perfect or eren in a state approaching 
to perfection, NotwitiistandiDg the great progress that has been mad* 
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motions and mean distances of all the planets are 
to be considered invariable, and the effects of their 
mutual actions are all periodical. We can now as- 
certain for thousands of years the state of the system, 
should such a continuance be permitted by the Divine 
Author. 

The obliquity of the ecliptic, vhich now is dimi- 
nishing by a small quantity every year, will never 
be diminished by more than a degree or two. This 
is a very interesting result. Had the obliquity con- 
tinued to decrease, the equator at last would have 
coincided with the ecliptic, and great part of the 
earth would have been rendered incapable of pro- 
ducing the necessary food for the existence of men 
and animals. 

352 In all our enquiries into the operations of 
nature, by which should always be understood, the 
modes of existence and laws assigned to the objects 
of the creation by the Divine Creator, we meet with 
sources of delight and admiration ; but in none 
more, than when contemplating the objects of as- 
tronomy. 

The magnitudes and the distances of the bodies 
of the solar system when measured by our ideas so 
vast, the immense number of the fixed stars placed at 
immeasurable distances from us, and from each 
other, shew us the magnificence of the creation. 

during the last century, much remains to be done. Because the 
orbits of the planets are inclined at small angles to the ecliptic and 
to each other, and because the eccentricities of the orbits are small, 
we are enabled with tolerable facility to compute by approxima- 
tion the disturbing effects of the planets on eadi other. But it 
wiU be a work of great labor and difficulty to compute the dia- 
turbances of the new planet Pallas, becante its ocbU ia to much 
iodined to the orbits of die other planets. 
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By tKe discoverres of Hi^tdti v^e B!ie pern^iltecty i^ 
it were, to lindei^tand some of' the^ounsels of the 
Almighty* From these we can, by dehiODStration, 
6verturn the absurd doctrine of blind chance. We 
see that a Supreme Inteliigence placed aiid put in 
motion the planets about the sun in the centre, and 
ordained the laws of gravitation, having provided 
against' the smallest imperfection that might arise 
from time. Aiid let us not imagine that' only iii 
these vast bodies the Supreme care was employed* 
Let us not imagine that Man, apparently so insignifi- 
cant, cannot be a¥i object of attention in a world ' so 
vast' The protecting hand of the Creator is equally 
visible in the sin'alliest insects and vegetableis, as in 
the stupendous fabrics which astronomy points out 
to us. He, who formed the human mind so difiereht 
in Its powers and mode of existence from the rest of 
the works of the' creation, has assigned laws peculi- 
arly suited to its prei^rvatioh and improvement: laws' 
not mechanical, but moral: laws only obscurely seen' 
by the light of reason, but fully illumined by that of 
revelation. 



APPENDIX. 



THE following Problem are intended to rlluatvate 
several of the articles in the foregoing treatise^ and also 
to explain the practical mode of solving, some of the more 
useful problems in astronomy. 

To understand several of these problems, a. tolerably, 
extensive knowlf^dge of. plane and spherical trigonometry.. 
is required, more particularly^ a knowledge of the elegant 
and very useful rules for the circular parts of a right, angled 
spherical trianglei and the analogies . for oblique angled 
spherical triangles, discovered, by Napier the inventor = of 
Logarithms. A knowledge of the solutions of the cases of 
oblique angled spherical triangles, not included in.Naj^er's 
Analogies, and also of many of the trigonometricj^ e;xpre87 
sions for two arcs is required. These expressions di^.e^ j<h^. 
the fundamental formula 

Sin (A+B) = sin A cos 6 4- cos A sin 6 
where A and B represent any arcs positive or neg^t^ve. 

The Astronomical problems giv^^ are of two kinds. 

1. Problems in the solutions of idiich grea^^circtes o£i 
the sphere, only, are us^d* 

2. Problems in which small circlef are used ^ "and smalLi 
variations of the parts of spherical triangles. 

For the latter, the fluxional or differential calculus, 
would hav^ furnished sojutjiqns spmewhftt more concise, 
but np<; materially so^ in the exapoples given.. 
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Uanecesgaty repetition will be avoided by mentioning 
here, that in the following Problems, radius is unity, and 
therefore, is not put down : that when the rules of circu- 
lar pares are referred to, it is not meant that the equation 
is put down exactly as giyen by the rules, but such as may 
easily be deduced from thence. Thus because tang, x 
cot. ^ I, the reciprocal of the tangent is sometimes put for 
the co-tangent, &c. 

PROBLEM I. Given the sun's longitude, to find its right 
ascension an(? declination. 

SoluHon. In Fig. 48. ES represente the ecliptic, ED the 
equator, and SD a circle of declination. 

By the rules for circular parts 
tan ED =s cos E X tan ES 
and sin SD =s sin ES X sin E 
or tan R. Ascens = cos Ob. Eel. x tan. Long, 
sin Decl. = sin Long x sin Ob. EcL 

When the tang, of longitude is negative, the tang, of 
R. Ascens. will be so likewise, and the R. Ascens. and long, 
will be always in the same quadrant, as is otherwise 
evident. 

The sine of declination has the same sign as the sine^ 
of long, and therefore between 180^ and 360^ of longitude 
will be south, as is otherwise obvious. These' remarks are 
only made here to call the attention to the signs of the 
quantities. 

The sun's longitude at any time is found by the solar 
tables, and is also given in the Nautical Almanac for every 
day at apparent noon at Greenwich, hence may be found 
for any given time, at any place, the longitude of which is 
known. 'Therefore the obliquity of the ecliptic being 
known, the right ascension and declination wUl be had as 
above. 

The meab obliquity of the ecliptic for 1800 was 25^ 27' 
$1" and diminishes 0/ 4k5 every year. For the mode 
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of finding the true obliquity from the mean, see Prob. 
IT. 

PROBLEM II. 1. To find the time of sunriie in a 
giren latitude oa a given daj. 2. When due East. 8. 
The time of its being at a giren altitude. 
Solution. In Fig. 49, the circles of the sphere are sup- 
posed to be seen from a point in the continuation of a 
radius, at right angles to the plane of the meridian, and 
therefore the horizon, equator and prime vertical appear 
right lines, as HO, £Q and ZN. Dd is the sun's parallel 
of declination. R the place of the sun when rising, V 
the place when on the prime vertical or due east, and FB 
the given altitude. 

On a given day, the sun's declination may be found as 
in the preceding problem, or may be deduced from the 
nautical Almanac, where it is given for every day at noon 
at Greenwich. 

1. RPO =: hour angle from midnight, R being the place 
of the sun at rising. 

From the right angled triangle RPO, by circular parts, 
cos RPO = cot RP X tan PO. 
or^cos hour angle from midnight = tan decl. x tan lat. 

When the decimation is south, its tangent is negative 
and therefore the cos hour angle is negative and the an* 
gle is greater than 90<>. The hour angle being reduced 
to hours, &c. by dividing by 15 gives the time of rising. 

2. To find ZPV. From the right angled triangle ZVP, 
by circular parts. * 

Cos ZPV =z cot PV X tan ZP or 

Cos hour angle from noon = tan decl. x cot lat 

3. In the oblique angled triangle, BZP« are known the 
three sides to find the angle BPZ, Let P=:BP+ZP+BZ 

P P \ 

By spher Trig* sin BP x sin ZP : sin 5- x**** ^2 '® ^7 

* Yince*! Trig. prop. 39 «ad 40. Woodhouie's Trig. p. l^$, 
tecondedit. 
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: : rad.* : co8.«i ZPK Hence ZPB k !biind> tfttd there- 
fore the time from noon. 

When i ZPB is small it cannot conveniently be found 
with accuracy, from itff cosine, because the cosinielif of small 
arcs vary very slowly. The following analogy will raeti 

: : rad, * : sm • i ZPB. 

The first analogy is to beiised when ZPB' i^ greate^ tfakn 
96^ and the second; when less. 

If great accuracy be desired^ the effect of refhiCSdri 
should be cdnstdered by correcting the altitude. Alsor the 
sun's declination should i)e exactly comptitetS 

The effect of refraction on the rising of tA^sun'ii^Hl'W 
afterwards- invefiftigated. 

This problem contains-' the' computaiioiiHiffc^ttbn^ iti 
articles 5a and 292. 

PROBLElVf^Itt. Grren the right ascennHm-and^d^cliiia. 

tion of an object, to find its latitude and 16tfghtid^'i(^r¥/l^*) 
SokUitm. In Fig. 50, let F and N be tfte poles -or the 
ecliptic and equator, and S the' object; F^ofibrS^et SH'lie 
drawn perpendicular to FN pMduced if ' necesifaiy. Then;" 
the declination being gi^en, NS the pokridistdntt^ iff fcflk^n, 
and the right ascension' being>givent, SNH (the difi^toce 
between 90<> ' and the right ^ ascension) is ktio^r Also' 
PN =* the obliquity of the ecUfltfc; Hence by^ nfle^for' 
circular parts and thevrigbt angledtrangleHSNIf/- 

tan NH = tan NS X cos SNH 

and PH=PN+>NH" 
From the triangles SPH and SNH by icirctdarparts - 

col SPH , o^ t. • . :cat «NH 

— : — =-—-=: cot *01X «= — ; — 5^7= 

fii»P£(' sm NH 

_ -,,- cot SNH X wn PH 

orcotSPH^^.- :r^^7ir^ 

sm NH 

By the triangle SPH 
cotPS' =« «oi PH X COB SPtt^ 
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Hence SPH and PS being found, the longitude, the com- 
plement of SPH to 90**, and the latitude, the difference be- 
tween PS and 90° are known. 

Different cases of this problem arise^ according to the 
magnitude of the right ascension, and also according as the 
declination is north or south. For perspicuity the right 
ascension is supposed, and made in the figure, less than 

It is unnecessary to particularise the different cases, as 
no difficulty can arise, if a figure be drawn for each case. 

In the actual practice of this, and other problems, it is 
better to make use of rules freed from ambiguity, and by 
which the different cases may be provided for as simply as 
possible. The following rule is an instance in this problem, 
and seems as convenient as can be desired. The truth of 
it will be readily comprehended by considering the above 
solution and the different cases of the problem. In look- 
ing out the logarithmic quantities the consideration of 
arches greater than 180° is not required, which is of some 
importance. 

Practical Rule. 

In the following rule four auxiliary arcs are used, which 
may be called (1), (2), (3), and (4). 

Case I. When the north polar distance (N.P.D.) is less 
than QO**. 

R. Ascens. J!"^ \^^ ^'/,^ quadranO ^ _ Cdiff. K. A^ and 90^^ 
tin Sdor 4th quadrant^ ^ ' cdiffl R. As. and.270. 

log tan (2) = log tan N P D + log cos (1)— 10 

^ . Cin 1st or 2d quad.? ,-v _ C(2)+Ob Eclip. (O) 
^' ^* tin 3d or 4th quad. J ^^^ — Idiff. (2)&0 

log tan (4) z= log tan ( 1 ) -J- log sin (2) + ar. coflip. . 

log sin (3)-— 10 

log cot eclip pol. dist. = log cot (3)-|-log cos (4). 

The ecliptic polar distance is greater or less than 90® 
according as arc (3) is greater or less than 90*^. . 

U 



290 APPENirix* 

rin 3d quad, and (2) greater than O *) r270®^ (4) 

P ^ Jin .5d quad, and (2) less than O f |___ J ^°+ W 

"" ^ 1 in 4th quad, and (2) greater than O f ^°^' "" 1 270O+ (4) 

Cin 4th quad, and (2) less than O J C 90o — (4) 

When (if) if near 90^ its cosine is small and cannot be 
taken out of the tables with sufficient accuracy unless arc 
(^) -itself be preriously taken out with greater accuracy 
than would be otherwise required. 
But because 

Log sin = log tan -f- log cos 

log cos = log sin -|- ar* comp. Iqg tan 

If we add log sin (4) to the arith. comp. of its tangent 
already found, the sum will be = log 908 (4). 

Case II. When the north polar distance is greater than 
90° add 1 80* to the right ascension, and take the supple- 
ment of the north polar distance : taking the sum for the 
right ascension, and the supplement for the polar distance, 
find the longitude and ecliptic polar distance, as in case I, 
Then add 1 80^ to the longitude for the longitude required^ 
and the supplement of the ecliptic polar distance found 19- 
the ecliptic north polar distance required. 



Verification of the Computation. 

It is of much consequence to obtain verifications of 
computations where it can be done. There is a simple 
one in this problem. It is easy to see that 

Sin PS X sin P = sin SH = sin SN X sin N or 
log cos lat + log cos long = long cos decl + log cos R. 
Ascen. 

If these sums be found equal, it proves the computa* 
tion : unless a mistake should have been made in using 
the obliquity of the ecliptici which is easily guarded 
against. 
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Second SoltUion. 

By Spherical Trig, 
cos PS = cos FN cos NS + sin PN sin NS cos PNS 
Hence may be deduced 

Where M is an auxiliary angle so that 

PNS 
sin a M = sin PN sin NS cos * -^ 

These expressions for finding M and PS are very con- 
venient for the application of the Logarithmic Tables. 

PS being found, we have 
sin PS : sin NS :: sin PNS : sin SPN. 

This solution of the problem is not so short in practice 
as the former one. It is however a very convenient one« 
and will serve as a check on the other. 

PNS being founds no distinction of cases occurs. 

This problem, as appears above, is contained in the case 
of two sides and the included angle of a spherical triangle 
being given, to find the other side and one of the angles. > 
Besides finding the angle P, we may find the angle PSN 
which is called the angle of position^ and is oftentimes 
useful. 

This case of spherical triangles, where the data are the 
two sides, and included angle, often occurs in astronomy. 
When the third side is only wanted, the second solution 
here given, seems to have the preference. 

It is used by Laplace to find the distance of two Helio- 
centric positions of a comet, the latitude and longitude of 
each position being given. 

The converse of this problem will occasion no difficulty. 
It may, as will easily appear, be deduced from the first 
ftolution in the following manner : 

u 2 

^ Woodhouw's Tiig. p. 161. 
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Add ISO^' to the longitude, and call the sum right 
centioD. Call the ecliptic polar distance north polar dist. 
With this right ascension and north polar dist. find the 
longitude and ecliptic polar distance, and change the deno- 
minations, that is longitude into right ascension, and eclip- 
tic polar distance into north polar distance. 

PROBLEM IV. To find at any time the height and 
longitude of the nonagesimal point 

Solution. The nonagesimal point or degree is that point 
of the ecliptic U0° from the horizon, and is therefore the 
highest point of'the ecliptic. The continuation of the no- 
tice of this point by astronomers has been on account of its 
use, in computing the parallax of the moon in latitude and 
longitude in eclipses. 

Let HO represent the horizon. HNO the eclip. 
Fig. 51* tic, P the pole of the ecliptic and Z the zenith. 
Draw through P, Z the greaf circle PZN and N 
18 the nonagesimal point ; for the right angled triangles 
HZN and NZO are equal, and therefore HN ^ NO. 
Now ZN the co-altitude of N, is the latitude of the zenith 
point, and the longitude of Z is the same as the longitude 
ofN, 

Hence if we find the latitude and longitude of the zenith 
point we have the co- altitude and longitude of the nona- 
gesimal. Now at a given time we know the right Ascen* 
of the zenith point which is the right ascens. of the meri- 
dian or the * sidereal time, and the declination of the ze- 
nith is the latitude of the place. Hence this problem is 
contained in the last. 

The introduction of the term nonagesimal was unneces- 
sary, because the latitude and longitude of the zenith points 

* Ttm sidereal time is found from the mean time, redkoned from 
the preceding noon, by increasing the mean time in the ratio of 
566 : 565t and adding the sun*s mean longitude at preceding noon. 
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will serre, more conveniently, the purposes of the height 
and longitude of the nonagesimal* 

PROBLEM V. To find the time of rising of a given 
star on any day in a given place. 

Solution. The sun's right ascens. (S) is given in the nau- 
tical Almanac or maybe found as in Prob. I. Let F repre- 
sent the right ascension of the star. 

Then S — F will be the angle at the pole of the equator 
between the star and sun. 

Compute as in Prob. 2, by help of the star's 
Fig. 49. declination and latitude of the place, DPR the 
angular distance of the star from the meridian at 
rising. Then the angular distance of the sun from the me- 
ridian when the star is rising = DPR + S— F, which re- 
duced into time at the rate of 15° for one hour will give 
the time of rising. When DPR -J- S— F is negative, or 
greater than 180°, the sun, at the rising of the star, is to 
the west of the meridian, otherwise to the east. 

For great accuracy an allowance should be made for re- 
fraction, and also the sun's right ascension should be com- 
puted for the time of rising. Therefore when the time ia 
found with the sun's right ascension at noon, the sun's right 
ascension should be computed for the time of rising, found 
nearly, and then the operation repeated. 

DPR 

Remark., reduced to the solar time by diminishing it 

in proportion in the ratio of 365 ; 366 will give the inter- 
^val between the rising of the star and its passage over the 
meridian. Hence if its passage over the meridian |^ 
known, its time of rising will be known. The times of the 
passages of the planets over the meridian of Greenwich, 
and the declinations, are given in the nautical Almanac, 
therefore the time^ of rising or setting, may in this manner 
be found nearly. 
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PROBLEM VI. To find the time of the rising of tfat 
moon on a given daj. 

Solution. The right ascensions and declinations of thdr 
moon are given in the nautical Almanac for noon and mid- 
night at Greenwich, and therefore may be found by propor- 
tion for any given place. If we knew the right ascension 
and declination of the moon at rising, the problem would be 
solved exactly the same as the last problem. But we can* 
not exactly know the right ascension and declination of 
the moon at its rising without knowing the time of nftig. 
This is the inconvenient circumstance in this problem. But 
the difficulty is obviated by using the right ascension and 
declination at the noon or the midnight at Greenwich 
nearest the time of rising, and then finding the time of ris- 
ing, as for a star (Brob. 5.) With this time find, by the 
help of the difference of longitude," the corresponding 
time at Greenwich, and thence the right ascension and de- 
clination of the moon. With these find the time of rising 
more accurately. In like manner a third operation might 
be used, but this will scarcely be necessary. 

The horizontal parallax of the moon being always greater 
than the horizontal refraction, the rising of the moon is 
retarded. The computation of the quantity will be shewn 
in a subsequent problem. 

PROBLEM VII. To find when a star rises heliacally 
(art. 327.) 

Solution. A star of the first magnitude rises heliacally, 
or first becomes visible afier having been obscured by the 
solar rays, when the sun is about 12^ below the horizon. 

Let F be the star rising ; DA the right ascension 
Fig. 52. of the star, A being the first point of aries ; AXL, 
the ecliptic ; and the arc KL perp. to thehorizoa 
= 120. 



\ 
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Then L is the place of the sun, when the star rises he- 
liacally. From the right angled triangle C ED by circular 
parts 

Sin CD = tan lat. X tan decl. Hence, from the right 
ascension of the star, AD, AC is known in the triangle ACX 
and also the adjacent angles A and C are known. 

By Napier's Analogies * 

C+A C— A , AC , AX+CX. 

cos -^ : cos : : tan — : tan — -^ — 

2 2 2 2 

. €U-A . C—A ^ AC ^ AX— CX 
Sin — ^ : sm : tan : tan — 

2 2 2 2 

Hence AX is known and therefore the angle X is easily 
found. 

«. VT fflnKL(12o) 

Sin XL = — : — :^ — ' 

sin X 

Whence AL the sun's longitude is known, and therefore 
the day when the heliacal rising takes place. 

To investigate the heliacal rising of a star 2000 years 
ago, we must decrease the present longitude of the star 
by 2000 X 50," 1 = 28® nearly. Then with the longi- 
tude, and latitude of the star and obliquity of the ecliptic, 
compute the right ascension and declination f and then as 
above find the sun's longitude at the heliacal rising ; it will 
be sufficiently exact to find by common proportion the 
number of days from the equinox from the longitude of 
the sun thus found, taking 59'. 9"^ for the motion in 24^ 
hours. X 



PROBLEM Vin. To find the sun's declination when 
the twilight is shortest in a given latitude. 



• Vince's Trig. p. 139— Woodhouse's Trig. p. 159. 

f Converse of prob. 5, 

f The latitude of the star and obliquity of the ecliptic should also 
be reduced to what they were 2000 years ago, but this degree of ac* 
curacy would be quite lumecesssry, in regard to any uie that could be 
mde of the rtmlt. 
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Let Rr represent a parallel circle 18o below the horizon 
HO (art. 52). KNTYL a great circle touchbg 
Fig. 53. . Rr in T and intersecting the equator £Q so that 
the angle Y = HCE (the co-latitude). Draw 
any parallel of ihe equator MNS. When the sun is in this 
parallel the arch MN is described in the same time, as the 
arch C Y when the sun is in the equator. For let the arches 
MW and NX be perpendicular to the equator, then the 
right angled triangles MWC and NXY will be equal, and 
\VC = XY, consequently WX = CY. Therefore *ice 
MN and WX are described in equal times, MN and CY 
wOl be described in equal times. Hence the portion 
AT of a parallel of the equator between the horizon and 
its parallel Rr is described in less time than the portion 
of any other parallel to the equator between the same cir- 
cles, because the time of describing AT == the time of de- 
scribing CY =r the time of describing MN, less than the 
time of describing MS. Heiice the twilight is shortest 
when the sun describes the parallel AT, that is, when the 
sun's declination is TI, 

Now, because KTL touches Rr, the vertical circle ZFT 
is at right angles to KTL. Hence in the right angled tri- 
angles CFB and BTY, the vertical angles are equal and 
C =fr Y, therefore these triangles are equal, TB = BF and 
each = 9°. Also DF at right angles to EQ = TI tlie 
declination. Hence if we conceive the circles of the 
sphere projected perpendicularly on the plane of the meri- 
dian, and FG be drawn perpendicular to HO and to meet 
EQ in G, FG will be the tangent of FB, and FD = the 
sine of the declination, and DGF = tlie latitude. There- 
fore by plane trigonometry 

Ead : sin CGF :: FG : FD or 
rad : sin lat :: tan 9** • sin declination; when the 
twilight is shortest. 

PROBLEM IX. To find when Vraus is brightest. 



»' 
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Solution. Let S, T and V be the Sun, Earth and Venus 
when brightest. Let TV also meet the orbit of 
Fig. 54. Venus, supposed circular, in H, and join S, H. 
and S, V. The brightness of Venus varies as the 
versed sine of the exterior angle directly, (art. 116) and as 
the square of the distance from the earth inversely. For 
the density of light decreases as the square of the distance 
from the radiating body increases. 

Hence when Venus is brightest — ^^j — is a 

maximum and therefore v. sin SHVx TH* is a maximum, 
because TH X TV is constant, and therefore TH varies in- 
versely as TV. 

Let TH = j:, ST = 1 and SH = d. Then by PUme 
Trigonometry,* 

d*+x^ —2dxc<}s SHT = 1 
and because v. sin SHT = 1 cos. SHT 



it follows that V. sin SHT = ^ -^ * -x^+2d« 

Itieretore ^-j x « is a max. 

or X — d'^x-^x^ + 2dx^ is a max* 
Hence by Fluxions 
1— rf* — 3 X « + 4flfa; = 

^dx 1— rf* 

or X* — -:r-= 

3 3 , 

This equation gives 



x= -_ 4-^ V^-^d"^* The upper sign caa only ht 



Qd 
"5" 

used, because Vs+d^ is always greater than 2d. 

By this vahie of x the angle STV will be found about 
40* for Venus (art. 110,) and the point V of greatest 
brightness lies between inferior conjunction and greatest 

• Woodhouw's Trig. p. 81. 
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elongation. If the distance of Venut from the Son were 

=: --=» the greatest brightness would be at the greatest 
V5 

2 
doogationy for then x = -:= 

PROBLEM X. To find when a Planet appears sta- 
tionary. 

Solution. Let S represent the sun ; T and P 
Fig, 55. the earth and planet respectirely, their orbits be- 
ing supposed circular. 

When P and T are stationary with respect to each other, 
the line TP moves parallel to itself, and the angles T and 
P only vary by the apparent motions of the sun, as seen 
from the earth and planet ; which motions are equal to the 
angular motions of the earth and planet as seen from the 
sun. 

Now the angular motions of the planets about the sun 
are to each other inversely as their periodic times ; and by 
Kepler's law, the squares of the periodic times are as the 
cubes of the distances ; hence the squares of the angular 
velocities of the planets are inversely as the cubes of their 
distances. 

Let t^T, p =P, r = ST and r' = SP, ^ = a small 
variation in T, and p* z=z a, corresponding small variation 
in P. 

(1) By trig, r sin ^ =a r' sin^ 

(2) and r sin( t+t) = r' sin (p+p^) 
By equat. (2) 

r sin t cos i' + r cos t sin t' = r' sin p cos p' 4. 
y cospsinp'. 

Since r and /' are to be supposed indefinitely small, we 
may substitute 1 = cos t' and tf e= sin i\ &c. Therefore 
rBint + rt cos ^ = r' sin p + y' j/ cos p 

(3) Hence by equat {!) rf cos t z=: / p" cos p 
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But as was shewn above, however small f and p^ are 

By squaring equat. (3) and substituting from this pro- 
portion 

/ cos */ = / cos * p 
or /( 1 — sin *^) = r (1 >— sin *jp). Hence 

r * 
By equat (1) / (1— sin ^ {) = r(l— — sin * i) 

Whence is easily deduced 

sm 3 ^ = — ; =s ■ . — r^^ — -- 

and therefore t is known. 

This solution, it is evident, answers both for a superior 
and an inferior planet. 

Problems in nxihich Approximations are med. 

In many of the more useful investigations in astronomy, 
it is sufficient to make use of approximate solutions, as, for 
instance, in those, for finding the effects of the precession of 
the equinoxes in right ascension and declination ; for the 
effects of the aberration of light in right ascension and de- 
clination ; for the effects of parallax in latitude and longi- 
tude ; and for a great variety of other Problems, of which, 
instances are to be found in every part of astronomy. These 
solutions although only approximate admit of all the accu- 
racy that is necessary, and in general are obtained with 
much greater facility than exact solutions could be. In 
these solutions it often happens that we substitute the sine 
instead of the arc, radius instead of the cosine, the tangent 
instead of the arc, and conversely. It is therefore of some 
importance to know the limits of the differences of these 
quantities. Let d = aa arc, s b= its sine, c =: its cosine, 
and ^ ass its tangent, radius being unity : then 
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* szs rf— — + Ac. 

d * 

c «= 1 ~ -^ + &c. 

Hence a small arc exceeds its sine by — nearly 
the radius exceeds the cosiae by — - nearly 

and the tangent exceeds its arc by — nearly 

From whence by the trigonometrical tables it will easily 
be found that the difference between the arch of l^^iS^ 
and its sine is only 1'' and therefore in many cases one may 
be safely substituted for the other. The difference be- 
tween the tangent of 53^ and the arc is only V\ 

It is often of use in these problems to reduce a small arc, 
sine, &c. expressed in decimals of the radius (unity) to se- 
conds, and the contrary. Which may be done as follows, 
let d = arc in decimals of the radius, a = the seconds in 
the arc, then as the sine of l" and the arc of Iff are nearly 
equal, we have 

sin 1" : 1"' : : rf : - — r = a. Hence also rf = a sin 1". 

sin 1" 



PROBLEM XL To find how much the time of rising 
of the sun or a star is advanced by refraction. 

Sdution. Let RS represent part of the sun's parallel of 

declination, R the true place of the sun, when it 

Pig. 56. appears rising at D. Then, the time of rising is 

advanced by the angle SPR, the measure of 

which is the arc of the equator HL ; and also the arc DR 

as: the horizontal refiraction. 

* lliese expressions are easily proved by fluxions, and SOxne writers 
have prored them by principles purely trigonometrical. 
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The small triangle SRD may b« considered as a plane 
triangle and 

RD : SR : : sin RSD = cos PSQ : rad 

SR ; HL : : rad parallel ; rad equat : : sin SP : rad. 

therefore RD ; HL : fcos PSQ x »»« SP ; rad • 

RD 



orHL = 



cos PSQ Xi»in SP (co» decl) 



But sin PSQ = ^ ^^ - = -^^^-rr a^^ therefore^he 

sin PS cos decl 

cos PSQ is known, and consequently HL, which divided 
by 1 5 gives the time required. 

A somewhat more simple solution may be deduced from 
the above. 

eOS - PSQ = l^'tllS >n. PS-sin, PQ^ 
* ^ siit« PS sin^ PS 

* Hn (PS+PQ> X sin (PS— PQ) 
sin 2 PS 

therefore HL=. ^^^'^^^'^ 



Vsin (PS+PQ) X ain (PS— PQ) 
J HL . . 132'' 

«»d-— (time) = 



^^ iV^CQs (lat — decl) X cos (lat -)- decl) 

See remarks on this problem in Lalande's Astr, Sd edi- 
tion, Tol. 3. art. 4028. Cagnoli Trig. p. S6S, 

Cor. 1. If RD be taken equal to the diameter of the 
Sttn» the time the sun takes in' rising will be had. 

Cor. 2. If RD be taken equal to the difference between 
ibe horizontal parallax of the moon and the horizontal 
fcfraetion, the time will be had of the retardation of the 
moon in rising. 

PROBLEM XII. Given the error in altitude, or in ze- 
nith distance, to find the error in time. 

♦ Woodhouse*s Trig. p. 26. 
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Solution, Let rZ be the observed zenith distance, and Zs 
the true zenith distance, rP = *P the polar dis- 
Fig, 57. tance. Join- rs, and draw m a portion of a pa- 
rallel to the horizon. Then m = error in ze- 
nith distance, and rPs = the error in the hour angle. 
sn : sr: : sin srn = sin ZrP : rad 
sr : rPs : : sin rP : rad. 
hence sn : rFs : : sin rZP x sin rP : rad* 
But sin ZrP X sin rP = sin rZP X sin ZP 

hence the error in time = ,^ . ^^ . ^p 

15 sm rZP X su^ ^^ 

error in alt. 



15 sin azim X cos lat. 



Cor. In a given lat. the error in time is least when the 
sine of the azimuth is greatest, that is, when the azimuth is 
90^ or when the body is in the prime vertical. Hence for 
finding the apparent time ("art. 301 .) the observation should 
be made on or near the prime vertical. 

PROBLEM XIII. To find when the part of the equa- 
tion of time, which arises from the obliquity of the ecliptic 
to the equator, is a maximum. 

Solution. If the sun moved equably in the ecliptic, the 
difierence between its longitude (AL) and right 
JPig. 58. ascension (AR) would be the equation of time. 
The longitude and right ascension are equal at 
the equinox and also at the solstice : and some where be- 
tween, the difibrence is a maximum. It is evident the max- 
mum will be when the difierence ceases to increase, that is^ 
when the increase of AL = the increase of AR, 

Draw the circle of declination Ir very near LR and meet- 
ing LR produced in the pole P. 

Draw also k a parallel of the equator. Then 

lali Iv:: rad : sin ALR 

Iv : Rr :: sin Pv : rad. The sine Pv = cos LR nearly 

Hence U : Rr :: cos LR ; sin ALR = — — r-^ — 

cos LtkL 
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Therefore L/ : Br :: cos « LB : cos A X rad* 
Hence when the equation is a maximum 

cos ^ LR = cos A X rad 
or cos ^ decl = cos ob. eel 

PROBLEM XIV. To deduce the sun's change in de- 
clination near the solstice. 
Soltiiion Let O = ob. eel. 

S = sun's distance from the solstice in seconds 

a: = change in declination. 
By circular parts 

Sin ob. eel x ^^^ ^oug = sin decl 
or sin O X cos S = sin (O - x) = sin O cos ar— cos O sin x 
(pi<re 300) cos S = I— i S * sin * 1" ; sin ic = a sin 1 • 
and because x is very small compared with S, cos x = 1 
Hence by substitutions 

i S * sin * 1" sin O = a; sin 1'' cos O 
or X = i S » sin. 1" tap. O =-= ,00000 1052 S * 
If D = sun's distance from solstice in degrees, x'^ = 
13, 63 D* 

X will thus be had sufficiently exact for several days before 
and after the solstice (see -art. 133.) 

PROBLEM XV. To deduce the change of altitude of 

the sun or a star, when near the meridian, in a given time. 

Solution, Let j9 = SP the polar distance of the object, 

c = ZP the co-latitude, and m+ x = ZS the 

Fig. 59. zenith distance, m being the zenith distance when 

on the meridian, and x = the change required. 
(l)...By trig, cos (w + x) = coBp cos c +sinp sin c cos P 
(2). ..cos (m+x) = cos m — sin j:sin m, because 
X being supposed very small cos. x = 1 nearly 
(3)...cos w = co8(j;— c) =cos|?cosc+ sin^sin c 
Hence equating the second members of (1), (2) and sub- 
stituting for cos m as in (3) 

* See note^ pege 220. 
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there re.ulte .in * = ^t^^cQ-co^T) 

But 1— cof P s= 2 sin 3 I P 

and sin a: =s X sin 1' (page 300.) 

tf #• ^ «j-\ 2 sin p sin c sin * i P 
Hence x (in seconds) = 1 

sin Q9— -c)sinl«f 
2 cos D cos L sin ' ^ P 
sin fit sin l*** 
Where D and L = the declination and latitude respec- 
tivelj, and P = the time from the meridian reduced into 
space. 

When L and D are nearly equal, and of the same kind, 
this expression can only be used at a yery small distance of 
time from the meridian. 

This problem is of much importance, when meridional 
altitudes are taken by the repeating circle. 

PROBLEM XVI. To investigate nearly the quantity 
and law of atmospherical refraction. 

Solution. Let LI be a ray of light falling on 
¥ig* 60. the atmosphere at I, and refracted in the curvi- 
lineal course IS. The object appears to a spectator at S 
in the direction ST, a tangent to the curve, and ViST is the 
apparent zenith distance. 

The space in the figure between the concentric circles 
represents all the atmosphere, which has any effect on the 
ray of light, so that the light may be considered as passing 
out of a vacuum into this space. 

If the surface of the earth were a plane, the different 
strata of air might be considered as parallel thereto, and 
by the principles of optics, the refraction would be the 
same as would take place were the ray of light to pass from 
a vacuum into air of the same density as that at the sur- 
face. It is therefore evident that if we take into account 
the spherical form of the earth and atmosphere, the error 
resulting from the supposition of an uniform atmosphere 
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will, necessarily, be very small iiimipared with the change 
occasioned by considering the atmosphere spherical, pro- 
vided that change be small. 

Let ml 1 :: sin of incidence : sin of refraction, when a 
ray of light passes from a vacuum into air of the density of 
that at the surface of the earth. Suppose all the air con- 
tracted into an uniform atmosphere, then SI is a right line. 
Let HIL = I, SIC = r, VSI = s, SC = a, the height of 
the uniform atmosphere = /, or CI = a +/. 

a ^l iai: sin zt sin r 
1 : m : : sin #*: sin i 

TT . . masinz . /. I \ , 

Hence sm t = : =m in z 11 — ^ Jnearly 

a+l \ a ^ ^ 

a sin 2; . / , I \ , 

sm r = __ = sm 2: ( 1 — *^ jnearly. 

a+l \ ay ^ 

Let 1= r 4. i2, then R is the quantity of refraction, 
sin (r+R) = sin i 

or because R is small^ sin r ^ cos r sin /2 = sin i 
or sin r 4. jR sin 1 /' cos r = sin i 
substituting in this equation for sin r and sin i as abovei 

also for cos ^, \J 1 — sin *« f 1— -^ J ^^\/ *^^ *«+•— sin«* 
«= cos 2: ^ 1 + ^ tan « 2: ^nearly, we obtain " 

j^ sin i — sin r (m — 1) sin zl '^y 

^- sin 1" cos r ~ «;„ i» eos ^1 + i. tan »z) 

^ (m-l) tanz _ (m- 1) han 'z ^^j 
sin 10 a sin 1^' cos *z 

Taking 2 = 80*^, 1=5 and a ss 4000 miles, the second 
term (arising from the spherical figure of the atmosphere) 
ss 10" nearly. If a were infinite^ tliat is if the sutface of the 
earth were a plane, this second terin would vanish. Hence 
we may safely conclude, that as far as 80^ zenith distance^ 
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^ 



the error arising from siqifMiiing the atmosphere of uniform 
density must be much lete dian l(fy and Umt consequently 
the above expression gives the refraction as fiur as 80* from 
the zenith with sufficient accuracy. If we neglect the se- 
cond term, the refraction will vary as the tangent of the 
zenith distance. 

The exact experiments of M. M. Biot and Arago have 
determined the value of wi—l =, O0O294?6 when the baro- 
meter is at 29,93 in (Metre) and Far. Therm, at 3i<*. From 
their experiments and the law of expansion of air it may be 
inferred that 

TO—l 1,0375 I, 

STF"^ 1 +,002083 (/— 32) >^ 29760 X5'^"» ^^ °^"*^y» '^^^'^ * ** 

height of the barometer, and t that of Farenheit's thermo- 
meter. 

When ^ = 50° and h = 29,60 inches, this expression 
gives -^ — p; =57'',82, a result independeht on astrono- 
mical observations. 

The French tables of refraction^ by Delambre, founded 
on astronomical observations, ghre 

~ = 57". 72 
sm i ^ 

By upwards of 500 observations made by myself with the 

eight feet astronomical circle 

!!!=:1 = 67', 56 
sin V 

The above value of 72 is quite exact enough for all clfl^. 
servations as far as 80^ from Ihe zenith. 

From about 80*^ the horizon the changes of refrac- 
tions are so uncertain that observations are useless for the 
nicer purposes of astronomy . 

The following tables will l^e found very convenient for 
computing the quality of ^fraction for all zenith dis- 
tances not greater than 80°. For the particulars of the 
construction of these tables and for several investigations 
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relative to astronomical refractions, reference may be had 
to the 12th volume of the Transactions of the Rojal Irish 
Academy. In which I have deduced the above expres- 
sion for refraction independent of any hypothesis relative to 
the variations of density in the atmosphere. 

By help of table I, the first term of R is obtained. The 
second table gives the second term of R, which near 80^ has 
been slightly modified. 



x2 
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TABLES FOR REFRACTION. 



Table I. 



Far. 
TTterm* 

o 


Loga^ 
rithms. 


Far. 
'nerm. 

o 


LogO' 
rithtns. 


Far. 
Therm, 


Loga^ 
ritbms. 


10 
11 
12 


0.3283 
0.3273 
0.326S 


34 
35 
S6 


0.3048 
0.3039 
0.3030 


58 
59 
60 


0.2827 
0.2818 

0.2809 


IS 
14 
15 


0.3253 
0.3243 
0.3233 


37 
38 
39 


0.3020 
O.SOl 1 
0.3001 


61 
62 
63 


0.2800 
0.2791 
0.2782 


16 
17 
18 


0.3223 
0.3213 
0.3203 


40 
41 

42 


0.2992 
0.2983 
0.2974 


64 
65 
66 


0.2773 
0.2764 
0.2755 


19 
20 
21 


0.S193 
0.3183 
0.3173 


43 
44 
45 


0.2965 
0.2956 
0.2946 


67 
68 
69 


0.2746 
0.2737 
0.2728 

• 


22 
23 
24 


0.3163 
0.3154 j 
0.3144 


46 

47 
48 


0.2937 
0.2928 
0.2919 


70 
71 
72 


0.2720 
0.2711 
0.2703 


25 
26 

27 


0.3134 1 
0.3124 ; 
0,3114 


49 
50 
51 


0.2910 
0.2900 
0.2891 


73 

74 

75 


0.2694 
0.2685 
0.2677 


;. 28 
29 
30 


0.3105 1 

0.3095 

0.3086 


52 
53 
54 


0^81 

0:2872 
0.2863 


76 

77 
78 


0.2668 
0.2660 
0.2652 


31 
32 
S3 


0.3076 

0.3067 
0.3058 


55 
56 
57 


0.2854 
0.2845 
0.2836 


79 
80 
81 


0.2644 
0.2636 
0.2627 



Logarithm in Table I. + log barom. + log tan zenith 
distance = log approximate refracUon* 



*. 
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TABLE II.— BAROMETER. 



Z. D. 


28,50 


29,00 


29,50 


50,00 


30,50 


o 


// 


// 


// 


// 


It 


80 


10,5 


10,7 


10,9 


11,1 


11,4 


79 


8,1 


8,3 


8,5 


8,5 


8,9 


78 


6,3 


6,4 


6,6 


6,7 


6,9 


77 


5,1 


5,2 


5,8 


5,5 


5,6 


76 


4,1 


4,2 


4,3 


4,4 


4,5 


75 


3,4 


3.4 


5,5 


5,6 


g,7_ 
8,2 


74 


9,0 


3,0 


5,1 


5,1 


73 


%s 


2,5 


2,6 


2,6 


2,6 


72 


«,i 


2,1 


2,2 


9,2 


2,2 ! 


71 


1,8 


1,8 


1,9 


1,9 


1,9 


70 


1,5 


1,5 


1,5 


1,6 


1,6 


69 


1,3 


1,3 


1,5 


1,4 


1,4 


68 


1,2 


1,2 


1,2 


1,2 


1,2 


67 


1,0 








1,0 


66 


0,9 








0,9 


65 


0,8 








0,8 


64 


0,7 








0,7 


6» 


0,6 








0,6 


62 


0,6 








0,6 


61 


0,5 








0,5 


60 


0,5 








0,5 


58 


0,4 








0,4 


56 


0,3 




• 




0,3 


54 


0,3 








0,3 


52 


0,2 








0,2 


50 


0,2 








0,2 


45 


0,2 








0,2 


40 


0.1 








0,1 


50 


0,0 








0,0 





I 0,0 


"" 






0,0 



Appr.ref — Number Table IL = refraction. 

Example. Zenith dist 71° 26', barom. 29,76 inches, and 
therm. 43°. 

Log Tab. 1 . 0.2965 Appr ref l75//,4 
Log barom. • 1.47S6 Tab, 2 2, 
Log tan 7 1 °.26 10.4738 — 

■ > ■ Ref. 173,4 = 2'. 53", 4 

Log appr. ref. 175",4 2.2439 
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PROBLEM XVII. From given small Tariations in the 
longitude of a celestial object and in the obliquity of the 
ecliptic, to deduce the variations of the right ascension 
and north polar distance. 

1. For the effects of the variation in loo- 
Fig. 61. 1. gitude. Let P be the pole of the ecliptic, N 
that of the equator and F the fixed star or 
other object. Let FPM = the increase of longitude, the 
distance PM from the pole of the ecliptic remaining the 
same. Then FNM is the increase in right ascension, and 
drawing MR parallel to the equator, FR is the decrease of 
north polar distance. 

FNM : RM : : rad : sin MN 
RM : FM : : sin RFM = cos PMN : rad 
FM : FPM : : sin PM : rad 

xj T?vnv/r PPM sin PM cos PMN ,, 

Hence FNM = _ (because sin 

sin MN 
PM sin PMN = sin PNM sin PN) 
_ FPM sin PN M sin FN cot PM N 

sin MN , 

By spherical * trigonpmetry. 
sin PNM cot PMN = cot PN sin NM— cos PNM cos NM 

Hence by substitution 
FNM = FPM (cos PN— sin PNcos PNM cot NM) (a) 

Also FR = FM sin FMR = FM sin PMN 
= FPM sin PM sin PMN = FPM sin PN sin PNM (b) 

2. For the effects of the variation in the 
Fig. 61. 2. obliquity of the ecliptic. Let AP, PS re- 
present the right ascension and declination of 
the point S, and AQ, QS the right ascension and declina- 
tion when the obliquity of the ecliptic is increased by the 
angle PAQ. Then, when this angle is very small, PR = 
the increase of north polar distance nearly, and RQ = 
the increase of right ascension nearly. 

* Vince's Trig. p. 150. 
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sin RP : sin A : : sin AP : sin ARP 

or RP = A X sin r. ascension nearly. (c) 

, Aho cot AR tan RP = cos ARP = tan RQ cot SR 
|i|iice RQ = RP cot AR tan SR 

iiiH RQ = A X cos r. asc. X cot north polar dis- 
tance, (d) 

Application of the preceding Problem, 

The above problem enables us to deduce the apparent 
right ascension and north polar distance from the mean, 
as affected by-precession,^ lunar nutation and solar nu- 
tation. 

The actions of the sun and moon causing * a change of 
place pf the intersections of the ecliptic and equator, the 
longitude of each object is changed by the same quantity, 
llie same action also occasions the obliquity of the eclip- 
tic to be variable. The action of the planets also changes 
the plane of the earth's orbit and therefore the intersec- 
tioui and inclination of the ecliptic and equator. 

Let L = the mean longitude of a star in the beginning 
of 1820. Then for the time 1820 + t, t being taken ne- 
gatively or positively, 

The apparent longitude = L -J- 50", I9t — 18", 05 
sin long, moon's node — 1", 00 sin 2 long, sun — O", 08 
sin 2 long. moon. ^e) 

The apparent obliquity of the ecliptic (O) for 1820 •J^t = 
23« 2r 47" — 0", 45t + 9", 66 cos long, moon's node 
4^ 0", 4fS COS 2 long, sun -j- o", 08 sin 2 long, 
moon. (y) 

The form of these quantities has been obtained by in- 
vestigations in physical astronomy, the larger coefficients 
and 0", 45 have been obtained by observation. 

• Art 90, &c. 
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In the above the term 50"', 19^ increased by (f\ ISt 
serves for determining what is usually, called the effect of 
precession in right ascension and north polar distance. 
When so increased it is the mean effect (luni-solar) of the 
sun and moon. The part (f\ 13/ is occasioned by the 4|S^ 
tion of the planets and diminishes the effect of the actions 
of the sun and moon. This affecting only the ecliptic 
does not affect the north polar distance. 

The terms depending on the longitude of the moon's 
node serve for determining the effect of what has been 
called the lunar nutation. The terms depending on the lon- 
gitude of the sun serve for determining what has been called 
the sclar nutation. The terms depending on the longi. 
tude of the moon are too small to be noticed in the nicest 
observations. 

I. Precession in right ascension (A) and north polar dis. 

tance (NPD.) 

' •» 
Taking the angle FNM (the change of longitude in. the 

preceding problem) = 50", 32 ^, t not exceeding a few 

years, by equation (o) 

The luni-solar precession in right ascension = 
50", 32 1 (cos O + sin O sin A cot NPD) = 
46", 18 / + 20", 04 t sin A cot NPD 
from which subtracting 0", 13 /, the general precession in 
right ascension will be had. 

By equation (5) the precession in NPD = 
— 50", 32 t sin O cos A = — 20", 04 / cos A. * 

Cor. 1. The precession in right ascension will be sub- 
tractive, when sin A cot NPD is negative and greater 
than cot O which can never happen but when cot NPD is 
greater than cot O. Therefore the right ascension of 
every star, the polar distance of which is greater than 
23^ 28', is always increased by precession. 
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Cor. 2. Precession affects equally the north polar iJM» 
tance of every star having the same right ascejosion. 

II. Lunar nutation in right ascension and north polar 

distance. 

Let the angle FNM = ^ 18'', 05 sin N, N being the 
longitude'of the moon*s node, and the change of obliquity 
= 9, 66 cos N. See equations (e) and {/), Then by 
equations (a)^ (d). 

Kutation in right ascension = 

— 18", 05 sin N (cos O —sin O tan A) tan D 
+ 9", 66 cos N cos A tan D = ' ' ' 

— 16" 56 sin N— [8", 42 cos (A— N) + 1" 23 cos (A+N) 
tanD. 

By equation (b) and (c) 

The nutation in north polar distance == 
18", 05 sin N sin O cos A —9", 66 cos N sin A 
r= 7", 19 sin N cos A — 9", 66 cos N sin A = 

— 8", 42 sin (A -^ N) — 1", S« sin (A + N). 



III. Solar nutation in right Offension and fiorth polar dis' 

tance. 



Let the angle FNM = 1", 00 sin 2 S, S being the lon- 
gitude of the sun, and the change of obh'quity ==, 4S an 
2 S, and we obtain by a process similar to th^t in II 

Solfr nutation in right ascension = 
— 0",92 sin 2 S — [, 42 cos (A— 2 S) + 0, 04 cos (A+« S)J 
tan D. 

Solar nutation in north polar distance = 
— 0, 42 sin ( A — 2 S) — 0", 04 sin (A + 2 S). 

It is not unusual to include the solar nutatioi) in ir%ht 
ascension in the computation of precession for a part of 
the year, by multiplying the annual precession by the de- 
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dmal laultipUer corrected on account of the solar nutation. 
This is evidently inaccurate. The simplest method of pro- 
ceeding seems to be to make the tables computed for the 
lunar nutation to serve for the solar, by using twice the 
8un*s longitude instead of the longitude of the moon's 
node and taking ^ of the nutation resulting for the solar 
nutation. 

For the solar nutation in north polar distance we may 
take — 0", 42 sin (A — 2 S) or 0", 42 sin (2 S — A). 
Which is easily computed or taken from a small table. 
^- The solar nutation is also called the semi-annual eqoa- 
tibn, because depending on twice the sun's longitodSnt 
goes througMts perUiJLJn half a year. 

PROBLEM XVIII. To deduce the effect of the aber- 
ration of light on the right ascension and declination of a 
star. 

SotuUfnti Let S Hi the star ; ED the equator, N its pole ; 
MELH the ecliptic, and MS a great circle perpendicular 
to the circle of d»clinatki|^«l^SHD. 

^ Let L be thc^ point of the ecliptic towards 
Fig. 62. which the earth is moving, which is always 90^ 

behind the place or 'the sun. Take Sp so that 
sin Sp : sin SL :: vel. of earth : vel. of light :: sin 20"j{: 
: rad, or which comes to the same 

Sp: 20"i: :: sin SL : rad 
Ihfti p is the apparent place of the star as affected by aber. 
ration (art. 281 and 283). 

Draw pq parallel to the equator, and then S^ =^aber- 
ration in declination. Also p^q = aberration in right 
ascension. Let n = 20"^-. 
l..»pq : Sp :: sin pSq : rad 
Sp ; n :: sin SL : rad 

>jpN^ I pq :: rad : sin N^ or sin NS sufficiently neari 
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Hence «N<7 = « «" j?Sg X sin SL _ nsinHXsinLH 
^ ^ sin WS "" sinNS 

W aberration in R. ascen. = ^^^^^ X ^'° "^>< f " ^", 

cos decl. 

2**. Aberration in decl. =S^ = Sp x cos^S^ = n sin SL 

X sin MSL =^ 2^ j: sin M x sin MI^ 

• From the ll^ove expressions very convenient practical 

formulas may be deduced. 

As and n sin M are constant for a given star, 

cos decl. 

the aberration in right ascension varies as the sine of LH» 
ttlfl ihe aberration in declination varies as the sine of LM. 
1. Let L == the sun's longitude^ then, because the aber- 
ration in right ascension (A) varies as sin LH = 
sin (EH — (L — 90*')) = sin (90^ — (L crEH)) = 
cos(L ^EH)), we may express it by m cos (L ^K) and, 
supposing m positive, K ^^^ EH will be the sun's longi- 
tude when the aberration is a maximum and positive, K 
and m may be found in the following manner : 

-. V /POX ^^^ ED £^ tan A 
tan K (EH) = 



cos H£D cos O 
When L = 90®, the point L is in ^/ 
Then m (cos 90 — K) = Mtsin K = ab. in R. ascen* = 
^20" j: sin H sin EH _ — 20^^ j sin A ' 

cos D cos D 

Hence m = -^'^' i ^'" ^ 

cos D sin K 

It only remains to be known to what quadrant K belongs : 

tan- K has the same sign as tan A. 

Because m is positive must be negative, cos D 

sin K 

being always positive. Therefore A and K must be in 
opposite semi-circles ; and, their tangents having the same 
signs, they must be in opposite quadrants. 

2. Again because the aberration iii declination varies as 
sin ML = sin (ME+L— 90) ~= cos (180— ME— L) we 
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may expre» it by m' coe (L odK'), and supposing W poiiti?e» 
K'^ 180f— ME will be the sun's longitude when the aber. 
ration is a maximum and positive. 

K' and m' are found in the following manner : 
tan K' = — tan ME 

By spherical * triangle P£M 

m«v sinPE ^ 

tan ME — ■ 

cot P sin E+cos P£ cos £ 
Therefore^ because cot P = — cot SPD (= dec)^) 

tan K'= f2L^ 

cot D sin O — sin A cos O 

Also sin M sin ME = sin PE sin P = cos Am*D 

Therefore „/ ^—^hc<^^ «» P, jhe quadrant 

sin K' ^ 

to iHiich K' belongs is thus determined, the sign of 

tan KVis known fiom its value above given. The sign of 

M^'^^jeiog positive, iHm A sin D and sin K' must have diffe- 

feni signs, but Imoiring the signs of tangent and sine of 

an arc the quadrant is known. 

The quantities m, m\ K» K' beipg constant for the same 
star render this a irery concise method of computation, 
when the aberrations of the same star for several days are 
required, or when tables of the aberrations of a given 
star are required. 

Indeed m and m' are not strictly constant on account of 
the variable velocity of the earth, but the variation is so 
small that usually it is not considered. 

When a single place of a star is required^ then general 
tables are more convenient. Such have been given by 
Delambre, f also lately by Gauss a^d Zach. % 

The three last problems containing the effects of refrac. 
don, precession, nutation solar and lunar, and aberration of 
Hght, are of constant use in practidsl astronomy. 

• CagnoU Trig. p. 270. f Vince's Astr. V<^. 1. p. 327. 
\ Woodhouse's Ast|> p. 466, &c. Cobh.- 4es Temps. ISXO pi 433 
and 442. 
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PROBLEM XIX. Given the mean anomaly of a pla- 
net, to find the true anomaly. 

Solution. Let the semiaxis major of the planet's orbit 
= 1, its eccentricity = 6,171 = the mean anomaly, 2:= th6 
eccentric anomaly, and 1/ = the true anomaly. 
Find the arc d so that 

(l)«..tan d = tan i m 

ihen I m^d = eccentric anomaly nearly, (art 233) 
for which substitute p, and let ^ 4. x = x, the eccentric 
anomaly. 

Now by the same article 
Kg. 33. ACL (m) = ACI (p+x) + LCI • 

Now LC X arc LI = 2 area LCI = 2 area SIC 
= SC X CI X sin ICD, or 

Arc U = SC X sin ICD 

Hence the seconds in LI, or the angle LOI « SCxsin|^^ 



sin 1" 



Therefore m = p + x'+ 



e sin Q o ,^ x) 
sinT ' 



p + X + -: — ^ + e X cwi p, because x is smaH; 

If, to adapt this expression to logarithms, we use the 

auxiliary arc 6 

so that e cos p = co^b 

then I + e cos p =: I + cos b 7= 2 cos i ( 

^, , ^ ^sin p , 

Also let p +'—, — f ss m 

^ ^ sin 1" 



Then wi = wi' + 2 x cos * i b 
(2). ..or X = 



m — m' 



2 cos * i b 

Thfe eccentric anomaly (jp j^ x) thos foutid will be 
sufficiently exaet to give 4he true anomaly to less than a 
second for all the planets. And by repeating the process, 
using this last eccentric anomaly instead of |7j the eccentric 
anomaly' will be obtained in the most •eccentri6'«orbits. 
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To find the mean anomaly, the following equation* has 
long been used. 

(3)...tan * i ^zrlziftan * i z 

1+e 

The solution furnished by the equations (I), (2), (S), 
appears to be better adapted to practice, and it affords a 
more exact result, than the solutions usually given of this 
problem. The particulars of this method of solving this 
important problem, and the practical rule resulting, are 
stated in the Transactions of the Royal Irish Ackdemy, 
Vol 9, p. 143, &c. 

PROBLEM XX. Given the horizontal parallax of the 
moon and apparent altitude, to find the parallax in alti- 
tude. 

% Given the hor. parallax and true altitude of the moon, 
tbniid the parattax in altitude. 

, 3. From the apparent altitude and horizontal parallax to 
find the apparent diameter of the moon. 

Solution. 1. Let the apparent zenith distance = z, the 
true zenith dist. = v, the parallax in alt. = p, the horizon- 
tal parallax =: A, SC = 1, CL = d 

• This may -be proved as follow: 
Fig. 33. e+cos « = SD = PS cos ^ = — Luf!— cos v, 

(By prop, ellipse, see Vince's Con. Sect, or Bridge's 

Con. Sect.) 

cos y •« e 
Hence cos z = — ^ • Then subtracting each side 

X " 'C COS u 

of this equat. from and adding it to unity, and by division 

^1. w 1-^cos z 1+e ^ l-^cos y . TT i_ 

there results = X 2. Hence by 

l+cos z 1 — e 1+cos y 

trig.tan*4y = J+J***** ^' 
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Fig. 63. then sin VSL (z) : sin SLC (p):: d:l 

sin z 
or sin p =: — 3— 
a 

when z =.90*^ p=r A 

I 

therefore then sin h ±= ^ 

consequently sin ^ = sin A sin z 
or sufficiently near^ pz=h sin z 

The equatoreal parallax, that is, the horizontal paral- 
lax at the equator, is given for noon and midnight at 
Greenwich in the nautical Almanac, and therefore the ho- 
rizontal parallax may be found for any latitude by dimi- 
nishing the horizontal parallax in proportion of the dis- 
tance from the centre of the earth to the equatoreal semi- 
diameter. 

2. As above, sin p = sin A sin z => sin h sin (v-f-p) ^^ 
sin h sin v cos p ~\. sin h cos v'sin p 

^, n sin A sin V sin o 

Therefore r = — i-=tanp. 

1 — smAcosu cos 2? 

From which may be found by a particular process * 
sin h sin v sin * h sin 2v , sin ^h sin 3i; , ^ 

3. By what appears the most accurate result, the moon's 
diameter as seen from the centre of the earth, : horizontal 
equatoreal parallax :: 5^55 I 10000. Let this ratio, be 
expressed by the ratio of m : 1. s 

The apparent diameter of the moon from S : apparent 
diameter from centre : : CL : SL :: sin 5? : sin («— j!?). If 
the horizontal equat. parallax be expressed by ^, then the 
moon's apparent diameter as seen from the centre ;= me. 

Hence tlie app. diara. from S = 

sin {z-^p) 

* Astroo« Delambre^ tome 1. p«^2H, 
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PROBLEM XXI. To find the moon's parallax in 
longitude and latitude, having given the homontal pa- 
rallax. 

Solution. Let Z be the zenith; P the pole' of the 

ecliptic ; T the true place of the moon^ and A 

Fig. 64*. its apparent place, in the same vertical circle 

ZTA. Then TPA is the parallax in longitude, 

and AQ is the parallax in latitude, QT being parallel to 

» 

the ecliptic. 

PZ the distance of the pole of the ecliptic from the ze- 
nithy which is equal to the height of the nonagesimal de- 
gree, and also the longitude of the zenith point, are found 
by Prob. 5. 

Hence ZPT the difference between the true longi* 
tude' of the mo^ and the longitude of the zenith 
point is known. Therefore in the triangle ZPT are 
known ZP, PT, the distance of the moon from the pole of 
the ecliptic, and the included angle ZPT. Hence TZ, the 
true zenith distance of the moon, and ZTP may be com- 
puted. 

TZ being found, TA the parallax in altitude will be 
foHod by the last problem. 

Then in the triangle ATP are known TP, AT, and the 
included angle ATP, hence the side AP and the angle 
APT may be found. 

This solution of the problem has the advantage of being 
exact, and also of requiring the solution of two oblique 
angled triangles of exactly the same data. 

It has the disadvantage of requiring seven places of Lo- 
garithms. 

The parallaxes in longitude and latitude may be also 
found by approximate formulae^ in the computation of 
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which five places of logarithms are sufficient* But such 
formulffi are in some respects inconvenient, and per- 
haps on the whole have not much advantage over the 
ahove. 

The ahove is on the supposition that the earth is sphe- 
rical. An allowance is made for its spheroidical figure^ 
as Mayer first shewed, by simply diminishing the latitude 
of the place by the angle contained between a perpendicu- 
lar to the surface and a line drawn from the place to the 
centre of the earth. This angle is easily computed and 
is, taking the excess of the diameters ^-J^, in the Idt. of 
Dublin = !(/. 0'. No other change is necessary than 
using the latitude thus diminished in computing the non- 
agesimal. 

PROBLEM XXII. To find the longitude of a place 
by observing the difference of the times of the transits of 
the moon and a fixed star, the same observations having 
been made at a place the longitude of which is known, (art. 
SIO.) 

Solution. As the observations require a transit instru- 
ment, and as the clock used with the transit instrument ge- 
nerally shews sidereal time, the difference of times is sup- 
posed to be sidereal time. 

If the moon did not move, the difference of times of its 
transit and of that of a fixed star would be the same at each 
place. The difference of the differences arises entirely 
from and is equal to the increase (I) of the moou*s right 
ascension in time, in the interval between the passages of 
the moon over the meridian of each place. 

Y 



* VlaQt*n Astr. Vol. 1. p. 67. — Woodhouse's Astr, p. 366 and 
567. 

Astrou. Delambre^ Tom, 8. p. 408. 



322 APPENDIX. 

Hence if we know the increase (N) of the moon's rij^ht 
ascension in one hour oi sidereal time, 

N : I :: 1 ^ : X =r the angle in time described by the 
western meridian in the interval of the passages of the mooD 
= diflT. of long. + I . 

Hence diff. of long. = X— I = — — I 

By the nautical almahae the moon's right ascension is 
given at apparent noon and midnight to minutes of a degree. 
From thence its increase in an hour of sidereal time may 
be found. 

The increase for that hour should be used, the middle 
of which is nearly in the middle of the interval which in- 
cludes the observations. 

This method is susceptible of great accuracy, and when 
the places differ much in longitude, the increase of right 
ascension of the moon should be computed more accurately 
than can be done from the right ascensions given in the nau- 
tical almanac. But the right ascensions can be obtained 
from the latitudes and longitudes given in the same work as 
accurately as can be desired, by the converse of Prob. 3- 

The best method then would be to assume the difference 
of longitude = L', which can be done nearly, and then 
compute the increase (£) of the moon's right ascension in 
the sidereal time U and then 

E : I :: U : X = -ijl 

hi 

and the exact diff. of longitude 

£ 

But this exactness is only necessary when the places dif- 
fer considerably in longitude. 

The moon's limb is o|»0enred by a transit instrument and 



/ 
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not the centre, but this makes no difference except when 
the places differ much in longitude. It may then be neces^ 
OsLTj to make an allowance for the moon's alteration of dis- 
tance, which changes its apparent diameter^ and also for its 
change of declination which changes its semi-diameter in 
right a£M:ension. >, 

A medn of many results obtained by observing the tran- 
sits of the moon before and after opposition when diffisr- 
est limbs are enlightened, will give great accuracy 



PROBLEM XXIII. To find the longitude of a place 
from the comparison of the observations of the beginning 
or end of an eclipse of the sun, made at two places, the 
longkode of one of which is known. 

Sohtiidn, 1. At one of the places let, at the time of ob'* 
serration of the beginning of the eclipse, the sun's semi-dia- 
meter -{■- the moon's semi-diam =: S. The moon's semi- 
diameter is to be increased according to its altitude (Prob. 
20 and 21). 

Let the true latitude and longitude of the moon at the 
time of observation be found from the nautical almanac. 
These should be corrected for the errors of the tables if 
known by observation. 

The apparent latitude (L) of die moon and the parallax 
in longitude are to be found by prob. 21. At the same 
tim^ the 4l|»arent diameter of the moon may be found. 

By the right angled triangle formed by S, L and the ap- 
parent difference of longitude of the moon and sun, we 
can find this apparent diffl its log. h&i$§ equal to the log. 

^S« -« L * = ^ log. (S+L) + 4 log (S-.L) 
The apparent difference of loogiiiixle betireen the sun and 
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moon being known, the true diffisrence is known, by beip 
of the moon's parallax in longitude. 

Hence the interval between the time of observation and 
the time of conjunction as seen from the centre of the earth, 
is known, 4qr the nelp of the sun's and moon's motions in 
longitude given in the nautical almanac. Therefore the time 
of the true conjunction is known at.pne of the places. 

2. By a similar proceeding the time of the true conjunc- 
tion will be known from the observation of the beginning at 
the other place. 

The difference of these times is the difference of longi* 
tudes. 

The mode of proceeding is the same for determim'ng the 
difference of longitudes by observations of the end of the 
eclipse. * From the above also may be undenMvd the 
mode of proceeding in determining the longitude by an oc« 
cultation of a star. 

* It is convenient to carry on the computation so Altt the 
effect of any errors in the data on the result may be known, 
and thus the degree of the accuracy of the conclusion esti- 
mated. This may be done as follows : 

Let ds = the error in the sum of the semi-diameters, 
dl = the error in the latitude of the dwon, 
dp = the error in the horizontal parallax. 
Then if the computation be casried through with these 
quantities annexed to the sum of the semi-diametA, latitude 
of the moon, and horizontal parallax ; we shall have, calling 
T the time of omjunction computed as in the abova solu* 
tion from the eastiij^ observation, and T that from the 
western. 

the time of "x 

conjunction at > s XHh ads Hh id^ "h c<^p 

eastern place, j 
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the time of -j 

conjunction at > = T -{- a'ds -|- Vdl 4- (fdp 

western place J 

Where a, b, c, a\ h\ c', are coefficient! resulting from 
the computation. 

Henee the difP. of longitude s;^ ' 
T— r + {a—oT) ds + (8— y) dl + (c— d') dp 
From the magnitude of the coe£ {0^-^*)^ &c. the accu- 
racy of the result may be estimated. Thus if (a— i^'), &e* 
be very small quantities considerably less than unity, thd 
observations are adapted to give the difference of longitude 
to considerable accuracy. Vid. Conn, des Tern, 1811. p. 
458. 
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